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(54) Novel ester compounds, polymers, resist compositions artd patterning process 



(57) A novel ester compound having an exo-form 
2-alkylbicycb[2.2.1]heptan-2-yl group as the protective 
group is provided as well as a polymer comprising units 



of the ester compound. The polymer is used as a base 
resin to formulate a resist composition having a higher 
sensitivity, resolution and etching resistance than con- 
ventional resist compositions. 
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Description 

BACKGROUND 

5 [0001] The present invention relates to (1) a novel ester compound, (2) a polymer comprising units of the ester 
compound which is blended as a base resin to formulate a resist compositbn having a high sensitivity, resolution and 
etching resistance, and in particular suitable as micropatterning material for VLSI fabrication, (3) a method for preparing 
the polymer, (4) a resist composition comprising the polymer, and (5) a patterning process using the resist composition. 
[0002] While a number of recent ettorts are being made to achieve a finer pattern rule In the drive for higher integration 

10 and operating speeds in LSI devices, deep-ultraviolet lithography is thought to hold particular promise as the next 
generation in microfabncalion technology. In particular, photolithography using a KrF or ArF exclmer laser as the light 
source is strongly desired lo reach the practical level as the micropatterning technique capable of achieving a feature 
size of 0.3 ^m or less. 

[0003] For resist materials for use with a KrF excimer lasers, polyhydroxystyrene having a practical level of trans- 
IS mittance and etching resistance is in lact. a standard base resin. For resist materials for use with a ArF excimer lasers, 
polyacrylic or polymethdcryiic acid donvatives and polymers comprising aliphatic cyclic compounds in the backbone 
are under investigation. In cither case ihc basic concept is that some or all of alkali soluble sites of alkali soluble resin 
are protected with acid lab ic or ctimin^inbic groups. The overall performance of resist material is adjusted by a choice 
from among a variety of acid oiir-^jn^triDto proioctive groups. 
20 [0004] Exemplary acid clirmnHi^nc praixifvc groups include tert-butoxycarbonyl (JP-B 2-27660), terl-butyl (JP-A 
62-115440and J. PhotopoiyiT) Sc. Tc^.t.nji 7 |31 507 (1994)), 2-tetrahydropyranyl (JP-A 5-80515 and 5-88367), -and 
1 -ethoxyethyl (JP-A 2-19647 mx) 4 ?-OOG1 ; V/hile it is desired to achieve a finer pattern rule, none of these acid 
eliminatable protective groups ^fc oec-ncd lo cxcrl satisfactory performance. 

[0005] More particularly, ler: butoxyc irbonyi ind tert-butyl are extremely less reactive with acids so that a substantial 
2S quantity of energy radiation must t>c irr.iOuitcd to generate a sufficient amount of acid in order to establish a difference 
in rate of dissolution before and ^ttor oxpo&uro It a photoacid generator of the strong acid type is used, the exposure 
can be reduced to a relatively k>^ level dochuso reaction can proceed with a small amount of acid generated. However, 
in this event, the deactivation d Iho ponoia-od acid by air-borne basic substances has a relatively large influence, 
giving rise to such problems as a T-iop rvittorn On the other hand, 2-tetrahydropyranyl and 1 -ethoxyethyl are so 
30 reactive with acids that with the ac<d gonoraiod by exposure, elimination reaction may randomly proceed without a 
need for heat treatment, with the result thai substantial dimensional changes occur between exposure and heat treat- 
ment/development. Where these groups arc used as protective groups for carboxylic acid, they have a low dissolution 
inhibiting effect to alkali, resulting in a high rato of dissolution in unexposed areas and film thinning during development. 
If highly substituted polymers are used to avoid such inconvenience, there results an extreme drop of heat resistance. 
35 These resins tail to provide a diflorcncc m rate of dissolution before and after exposure, resulting in resist materials 
having a very low resolution. 

[0006] Therefore, an object of the present mventbn is to provide (1 ) a novel ester compound capable of forming an 
acid-decomposable polymer, (2) a polymer which is blended as a base resin to formulate a resist composition having 
a good sensitivity, resolution and etching resistance relative to known resist compositions, (3) a method for preparing 
40 the polymer, (4) a resist composition connprising the polymer as a base resin, and (5) a patterning process using the 
resist composition. 

[0007] The inventor has found that a novel ester compound of the following general formula (1) obtained by the 
method to be described later is useful in preparing an acid-decomposable polymer; that a resist composition comprising 
as the base resin a novel polymer prepared from the ester compound to a weight average molecular weight ot 1,000 
45 to 500,000 has a high sensitivity, resolution and etching resistance; and that this resist compositbn lends itself to 
precise micropatterning. 

[0008] in a first aspect, the invention provides an ester compound of the following general formula (1 ): 

so 



ss 
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IS wherein is hydrogen, methyl or CH2C02R^*; is hydrogen, methyl or C02R^'^; R^ is a straight, branched or cyclic 
alKyi grcup oM to 6 cartx>n atoms or a substituted or unsubstituted aryl group of 6 to 20 carbon atoms; R^ to R^^ each 
arc hydrogen or a monovalent hydrocarbon group ot 1 to 1 5 carbon atoms which may contain a hetero atom and R* 
to R^-' taken logclher, may form a ring, and when they form a ring, they represent divalent hydrocarbon groups of 1 
to 1 5 cartxxi atoms which may contain a hetero atom, or two of R^ to R"'^ which are attached to adjacent carbon atoms 

20 may direclty bond together to form a double bond; and R""^ is a straight, branched or cyclic alkyi of 1 to 15 carbon 
atoms The foimula also represents an enantiomer. 

[0009] In a second aspect, the invention provides a polymer comprising units of an ester compound of the following 
general formula (la) and having a weight average molecular weight of 1,000 to 500,000. 

2S 

r2 r1 



30 



35 




(la) 



R^ to R13 are as defined above. The formula also represents an enantiomer. 
40 [0010] The polymer may further comprise other recurring units preferably of at least one of the following formulae 

(2a) to (13a): 

II II II II 

CH C CH C CH C CH C 

COjR'* COjR" COjR^ CO2R* 

^ (2a) (3a) (4a) (5a) 
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CH CH 

/ \ 



19 



(6a) 



/ \ 

I \ "^"^ I 
CH CH 

/ \ 



(7a) 



/ \ 

■ \ / . 

CH CH 

/ \ 



H COjR*^ 

(8a) 



c c 

/ \ 

. \ / ■ 

CH CH 

/ \ 



-r 



H COjR^ 

{9a) 



20 



2S 



30 



/ \ 

o 



(10a) 





(OH)y,, 




{0R»), 



(12a) 



(13a) 



35 



40 



45 



SO 



ss 



wherein R^^ and R2 are as defined above; R^s is hydrogen or a monovalent hydrocarbon group of 1 to 1 5 carbon atoms 
containing a carboxyl or hydroxyl group; at least one of R^^ to Ri9 represents a monovalent hydrocarbon group of 1 
to 15 carbon atoms containing a carboxyl or hydroxyl group, and the remaining of R"*^ to R""® independently represent 
hydrogen or a straight, branched or cyclic alky I group of 1 to 1 5 carbon atoms, or R''® to R^ ^ taken together, may form 
a ring with the proviso that at least one of R^^ ^ Ri9 represents a divalent hydrocarbon group of 1 to 1 5 carbon atoms 
containing a carboxyl or hydroxyl group, and the remaining of R^® to R*"® independently represent a straight, branched 
or cyclic alkylene group of 1 to 15 carbon atoms; R20 |s a monovalent hydrocarbon group of 3 to 15 carbon atoms 
containing a -COg- partial structure; at least one of R^i to ffi^ represents a monovalent hydrocarbon group of 2 to 15 
carbon atoms containing a -COg- partial structure, and the remaining of R2i to R24 independently represent hydrogen 
or a straight, branched or cyclic alkyi group of 1 to 15 carbon atoms, or R^i to R^^, taken together, may form a ring 
with the proviso that at least one of R^i to R2* represents a divalent hydrocarbon group of 1 to 15 carbon atoms 
containing a -COg- partial structure, and the remaining of R^"" to R^-* independently represent a straight, branched or 
cyclic alkylene group of 1 to 15 carbon atoms; R^s is a polycyciic hydrocarbon group of 7 to 15 carbon atoms or an 
alky] group containing a polycyciic hydrocarbon group; R26 is an acid labile group; R27 is hydrogen or methyl; R^s js a 
straight, branched or cyclic alkyI group of 1 to 8 carbon atoms; k is equal to 0 or 1 , and x, y and z are Integers of 0 to 
3, satisfying x+y+z < 5 and 1 < y+z. 

[0011] In a third aspect, the invention provides a method for preparing a polymer comprising the step of effecting 
radical polymerization, anionic polymerization or coordination polymerization between an ester compound of formula 
(1) and another compound haying a carbon-to-carbon double bond. 

[0012] In a fourth aspect, the Invention provides a resist composition comprising the polymer defined above, and 
preferably a photoacid generator, and an organic solvent. 

[001 3] In a fifth aspect, the invention provides a process for forming a pattern, comprising the steps of applying the 
resist composition defined above onto a substrate to form a coating; heat treating the coating and exposing the coating 
to high energy radiation or electron radiation through a photo-nnask; optionally heat treating the exposed coating, and 
developing the coating with a developer. 
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[0014] The ester compound of formula (1) and the polymer comprising units of formula (la) employ an exo-form 
2-alkylbicyclo[2.2. 1]heptan-2-yl group or derivative thereof as the acid-etiminatable protective group, thereby reducing 

or overcoming the problems including the tert-butoxycarbonyl and tert-butyl groups having low reactivity with acid as 
well as the 2-tetrahydropyranyl and 1 -ethoxyethyl groups having too high reactivity with acid and low resistance to 
alkaline developers. 

[001 5] The ester compounds of formula (1 ) are broadly classified as alkylcycloalkyi esters. The alkylcycloalkyi esters 
being basically tertiary aikyi esters are free of the drawbacks of excessive actdolysis and ease of dissolution in basic 
developer; when formulated into resist materials, they do not allow for the infinite progress of decomposition between 
exposure and development and film thinning during development; nevertheless, they have higher acidotysis than simple 
tertiary alky! esters such as tert-butyl esters. For these reasons, the alkylcycloalkyi esters belong to a relatively satis- 
factory class of acid labile sites. The ester compounds of formula (1) and the polymers comprising units of formula (la) 
are successful in significantly enhancing acidolysis without compromising the advantages of the alkybycloalkyi esters. 
The reason is given below. 

[0016] Decomposition reaction of tertiary alkyi esters under acidic conditions proceeds by way of El mechanism. 
Those esters having a more stable carbocatton under transition conditions have a higher rate of reaction and hence, 
a higher rate of decomposition. In the exo-form 2'aikylbicyclo[2.2.1 ]heptan-2'yl esters of formula (1 ), probably because 
of o-participation. a very stable cation Is formed as shown by the reaction scheme below, and thus the progress of 
reacion is very rapid. This is a reaction inherent to the exo-form compound of formula (1 ). Little or no reaction occurs 
with an isomer or an endo-form compound of the following formula (1 '). The compounds of formulae (1 ) and (1 which 
look alike when expressed in plan structure, have largely different rates of acid decomposition reaction. Accordingly, 
the compound of formula (1), the compound of formula (V), and the compound of formula (V) expressed with no 
stereostructure taken into account must be recognized, in tact, to be completely different substances (see Y. Yukawa 
Ed., Theory of Organrc Chemistry -Reaction-. Kagaku Dojin Publishing, 1974, Chap. 8). 



[0017] Herein, R"* to FO^ are as defined above although R* to R^^ are omitted for the clarity of description. 
[001 8] Because of the above-described mechanism, the exo-lorm 2-alkylbicyclo[2.2. 1 ]heptan-2-yI esters of formula 
(1) have an acid decomposition ability that outstandingly surpasses not only simple tertiary alkyI esters, but also alkyl- 
cycloalkyi esters and prior art fused ring-containing alkylcycloalkyi esters having not considered stereochemistry. 
Therefore, the resist composition comprising as a base resin a polymer originating from such inventive compounds 
may be a very high sensitivity resist material as compared with prbr art resist materials, as will be later demonstrated 



R 



HC==C 





<EP_10045B8A2_C> 



5 



EP 1 004 568 A2 



in Examples. 

[0019] Although the compounds of formula (1 ) have been arrived at originally from efforts in pursuit of acid decom- 
position, quite unexpectedly, they can have some advantages in addition to high reactivity. Such advantages are a 
large polarity change due to the high hydrophobic nature of an eliminatable portion of the acid eliminatable group, and 

5 a very high rigidity that bicyclo[2.2.1]heptane skeleton possesses. Because of these excellent characteristics, resist 
compositions of the invention may have a high resolution and very high etching resistance as well as high sensitivity. 
[0020] The ester compounds of formula (1 ) have been arrived at by making investigations on acid elimination reaction 
from the aspect of stereochemistry. In this sense, the present invention is based on a concept utterly different from the 
prior art improvement in acid eliminatable groups that was discussed solely from the standpoint of plane structure. The 

10 invention is clearly distinguishable from the prbr art proposals of novel acid eliminatable groups. 



DETAILED DESCRIPTION 



IS 



Estof compound 

[0021 J 7 he novel ester compounds according to the first aspect of the invention are of the following general formula 
(1) 



2S 



' JO 




[0022] Herein, is hydrogen, methyl or CHgCOsR"'^ wherein R^^ is illustrated later. R2 is hydrogen, methyl or 
C02R*^. R^ is a straight, branched or cyclic alkyi group of 1 to 8 cartoon atoms or a substituted or unsubstituted aryl 
group of 6 to 20 carbon atoms. Illustrative examples of the straight, branched or cyclic alky! group include methyl, ethyl, 

35 propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, tert-amyl, n-pentyl, n-hexyl, cyclopentyl, cyclohexyl, cyclopentylmethyl, 
cyclopentylethyl, cyclohexylmelhyl, and cyclohexylethyl. Illustrative examples of the substituted or unsubstituted aryl 
group include phenyl, methylphenyl, naphthyl, anthryl, phenanthryl, and pyrenyl. R* to R^^ are independently hydrogen 
or fTKjnovalent hydrocarbon groups of 1 to 15 carbon atoms which may contain a hetero atom, examples of which 
include straight, branched or cyclic alkyI groups such as methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, 

40 tert-amyl, n-pentyl, n-hexyl, n-octyl, h-nonyl, n-decyl, cyclopentyl, cyclohexyl, cyclopentylmethyl, cyclopentylethyl, cy- 
clopentylbutyl. cyclohexylmethyl, cyclohexylethyl and cyclohexylbutyl, and substituted ones of these alkyI groups 
wherein some hydrogen atoms are replaced by hydroxyl, alkoxy, carboxy, alkoxycarbonyl, oxo, amino, alkylamino, 
cyano. mercaplo, alkylthio, and sulfo groups. Any pair of R's selected from among to R^^ (for example, a pair of 
and R5. R6 and R^, R« and R^, R^ and R» R^ and R^^, R^ and H^^, R^o and R", and/or R^i and R^^), taken together, 

^ may torm a ring with the adjacent carbon atom(s). When these R's form a ring, they represent divalent hydrocarbon 
groups of T to 15 carbon atoms which may contain a hetero atom, which are exemplified by the above exemplary 
groups for the monovalent hydrocarbon groups, with one hydrogen atom eliminated. Alternatively two of R* to R13 
which are attached to adjacent carbon atoms (for example, and R''^, FOO and R^^, and R^ and R^) may directly 
(without any inten^ening atom) bond together to form a double bond. 

so [0023] Ri* is a straight, branched or cyclic alkyI group of 1 to 15 carbon atoms, for example, methyl, ethyl, propyl, 
isopropyl, n-butyl, sec-butyl, tert-butyl, tert-amyl, n-pentyl, n-hexyl. cyclopentyl, cyclohexyl, ethylcyclopentyl. butylcy- 
clopentyl, ethylcyclohexyl, butylcyclohexyl, adamantyl, ethyladamantyl, and butyladamantyl. 
[0024] Illustrative, non-limiting examples of the ester compound according to the invention are given befow. 
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[0025] The ester compounds of the invention can be prepared, for example, by the following procedure although the 
30 invention is not limited thereto. 



35 
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R^a 



1st step 



10 



IS 



20 



2nd step 



a) 



b) 



c) 




2S 



30 



35 



40 



4S 
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3rd step 




r2r1 
I I 
HC=C 

COCI 




(1) 

[0026] Herein. to are as defined above although to R^^ omitted tor the brevity of description. R^' is 
identical with R^ except that one hydrogen atom is eliminated from the carbon at the bond position. M represents a 
metal, HXan acid. OH a base, [O] an oxidizing agent, and [H] a reducing agent. 

[0027] The first step is to effect nucieophilic addition reaction to the carbonyl of a bicyclo[2.2.1]heptan-2-one or 
derivative thereof to convert It into an endo-fonn alcohol. Illustrative of this step are Grignard reaction and reaction 
using organic lithium compounds although the reaction involved In this step is not limited thereto. Reaction readily 
takes place under well-known conditions. Reaction is preferably carried out by mixing the reactants: a ketone compound 
and an alkyi halide or aryl halide with the metal M such as magnesium or lithium in a solvent such as tetrahydrofuran 
or diethyl ether and heating or cooling the reaction mixture rf desired. 

[0028] It is noted that only the endo-form alcohol yields from the first step and that the following isomerization'step 
is essential to obtain ah exo-form alcohol from which the end exo-fomn ester is produced. , 
[0029] The second step is to convert the endo-fomn alcohol from the first step into an exo-form alcohol. Some illus- 
trative, non-limiting, procedures of the second step include (a) replacement reaction accompanied by stereo-Inversion 
using acid HX, followed by alkali hydrolysis or decomposition in alkali-containing solvent; (b) dehydration, and addition 
of acid HX to the resulting olefin, followed by alkali hydrolysis or decomposition In alkali-containing solvent; and (c) 
dehydration and epoxidizatlon of the resulting olefin, followed by reductive cleavage of epoxy Reaction readily takes 
place under well-known conditions, with the detail conditions for the respective procedures being omitted. Illustrative, 
non-limiting examples of the acid HX include inorganic acids such as hydrochloric acid, aqueous hydrochloric acid! 
hydrobromic acid, hydroiodic acid, and sulfuric acid, and organic acids such as formic acid, acetic acid, propionic acid, 
benzoic acid, chloroformic acid, chloroacetic acid, dichloroacetic acid, trichloroacetic acid, fluoroacetic acid, difluoro- 
acetic acid, trifluoroacetic acid, and 3,3,3-trifluoropropionic acid. Illustrative, non-limiting examples of the base OH' 
include Inorganic hydroxides such as sodium hydroxide, lithium hydroxide, potassium hydroxide, and barium hydroxide, 
inorganic carbonates such as sodium carbonate, sodium hydrogen carbonate, lithium carbonate, and potassium car- 
bonate, and alkoxides such as sodium methoxide, sodium ethoxide, lithium methoxide, lithium ethoxide, lithium tert- 
butoxide, and potassium tert-butoxide, and organic bases such as diethylamine, triethylamlne, tri-n-butylamine and 
dimethylanlline. Illustrative, non-limiting examples of the oxidizing agent [O] include peracids such as performic acid, 
peracetic acid, trifluoroperacetic acid, and m-chloroperbenzoic acid, and peroxides such as hydrogen peroxide, dime- 
thyl dioxirane, and tert-butyl hydroperoxide. It is noted that when reaction is effected using the oxidizing agent, a metal 
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salt may be co-present as a catalyst. 1 llustrative. non-limiting examples ol the reducing agent [H] include metal hydrides 
such as boran, alkylboran, dialkylboran, dialkylsilane. trialkylsilane. sodium hydride, lithium hydride, potassium hydride, 
and calcium hydride; complex hydride salts such as lithium boron hydride, sodium boron hydride, calcium boron hydride, 
lithium aluminum hydride, and sodium aluminum hydride; alkoxy complex hydride salts such as lithium trimethoxyalu- 
5 minum hydride, lithium diethoxyaluminum hydride, lithium tri-tert-butoxyaluminum hydride. RED-AL, and sodium tri- 
methoxyborohydride; and alkyi complex hydride salts such as lithium triethylborohydride, K-Selectride, and L-Seiec- 
tride. 

[0030] The third step is to esterify the exo-form alcohol. Reaction readily takes place under well-known conditions. 
Reaction is preferably carried out by successively or simultaneously adding the reactants: the exo-fonn alcohol, a 
10 carboxylic acid halide (e.g., acrylic acid chloride or methacrylic acid chloride), and a base (e.g., triethylamlne) in a 
solvent such as methylene chloride and cooling the reaction mixture it desired. 

Polymer 

IS [0031] In the second aspect, the invention provides a polymer or high molecular weight compound comprising units 
of the tollowing general formula (la) which are obtained using the ester compound of formula (1) as a monomer and 
having a weight average molecular weight of 1 ,000 to 500,000, preferably 5,000 to 100,000. 



20 



2S 



30 



-CH C" pio 



\ (la) 



Herein, R^ to R^^ are as defined above. The formula also represents an enantiomer. 

[0032] The polymer of the inventbn may further comprise recurring units of at least one type selected from recurring 
3S units of the following general formulae (2a) to (13a) which are obtained using monomers of the following general 
. formulae (2) to (13). 

.11 II U . . I_l 

HC=C HC=C HC C HC C 

COjR'* LjR^o COjR^ COgR* 

(2) (3) (4) (5) 

45 



SO 



SS 
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[0033] In the above tcrmjinc k is equal to 0 or1 . Then formulae (5a) to (9a) may also be represented by the following 
formulae (6aO) to (9a-2) 



/ \ 

HC^ ^ ^CH 



(6a-l) 
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CH 
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R^ HC C 
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[0034] Herein, and are as defined above. R^^ is hydrogen or a monovalent hydrocarbon group of-1 to 15 
carbon atoms having a carboxyl or hydroxyl group, for example, carboxyethyl, carboxybutyl, cartDoxycyclopentyl, car- 
boxycyclohexyl. carboxynorbornyl, carboxyadamantyl, hydroxyethyl hydroxybutyl, hydroxycyctopentyl, hydroxycy- 
clohexyl, hydroxynorborhyl, or hydroxyadamantyl. At least one of R^^ \q pi9 jg hydrogen or a nnonovalent hydrocarbon 
group of 1 to 1 5 carbon atoms having a carboxyl or hydroxyl group, white the remaining R's are independently hydrogen 
or straight, branched or cyclic alkyl groups of 1 to 1 5 carbon atoms. Examples of the carboxyl or hydroxyl-bearing 
monovalent hydrocarbon group of 1 to 15 carbon atoms include carboxy carboxymethyl, carboxyethyl, carboxybutyl, 
hydroxymethyl, hydroxyethyl, hydroxybutyl, 2-carboxyethoxycarbonyl, 4-carlx)xybutoxycarlx)nyl, 2-hydroxyethoxycar- 
bonyl. 4-hydroxybutoxycarbonyl, carboxycyclopentyloxycartjonyl, carboxycyclohexyloxycarbonyl. carboxynorbomy- 
loxycarbonyl, cartioxyadamantyloxycarbonyl, hydroxycyctopentyloxycarbonyl, hydroxycyclohexyloxycarbonyl, hydrox- 
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ynorbornyloxycarbonyl, and hydroxyadamantyloxycarbonyl. Examples of the straight, branched or cyclic alky I group 
of 1 to 15 carbon atoms are the same as exemplified tor R'lf R''^ to R""^. taken together, may form a ring, and in that 
event, at least one of R''^ to R''^ is a divalent hydrocarbon group of 1 to 1 5 carbon atoms having a carboxyl or hydroxyl 
group, while the remaining R's are independently straight, branched or cyclic alkylene groups of 1 to 1 5 carbon atonns. 
s Examples of the carboxyl or hydroxyl-bearing divalent hydrocarbon group of 1 to 15 carbon atoms include the groups 
exemplified as the carboxyl or hydroxyl-bearing monovalent hydrocarbon group, with one hydrogen atom eliminated 
therefrom. Examples of the straight, branched or cyclic alkylene groups of 1 to 15 carbon atoms include the groups 
exemplified for R^"*, with one hydrogen atom eliminated therefrom. 

[0035] R20 Is a monovalent hydrocarbon group of 3 to 15 carbon atonns containing a -CP2- partial structure, for 

10 example, 2-oxooxolan-3-yl, 4,4-dimethyl-2-oxooxolan-3-yl, 4-methyl-2-oxooxan-4-yl. 2-oxo-1,3-dioxolan-4-ylmethyl, 
and 5-methyl-2-oxooxolan'5-yl. At least one of R^i to R24 is a monovalent hydrocarbon group of 2 to 15 carbon atoms 
containing a -COg- partial structure, while the remaining R's are independently hydrogen or straight, branched or cyclic 
alky I groups of 1 to 1 5 carbon atoms. Examples of the monovalent hydrocarbon group of 2 to 1 5 carbon atoms containing 
a -CO2- partial structure include 2-oxooxolan-3-yloxycarbonyl, 4,4-dimethyl-2-oxooxolan-3-yloxycarbonyl, 4-methyl- 

75 2-oxooxan-4-yloxycarbonyl, 2-oxo-1,3-dioxolan-4-ylmethyloxycarbonyl, and 5-methyl-2-oxooxolan-5-yloxycarbonyl. 
Examples of the straight, branched or cyclic alkyi groups of 1 to 1 5 carbon atoms are the same as exemplified for Ri'*. 

to R24, taken together, may form a ring, and in that event at least one of R^i to R24 js a divalent hydrocarbon 
group of 1 to 15 carbon atoms containing a -CO2- parttat structure, while the remaining R's are independently straight, 
branched or cyclic alkylene groups of 1 to 15 carbon atoms. Examples of the divalent hydrocarbon group of 1 to 15 

20 carbon atoms containing a -CO2- partial structure include 1 -oxo-2-oxapropane-1 ,3-diyl, 1 ,3-dioxo-2-oxapropane- 
1,3-diyl, 1-oxo-2-oxabutane-1,4-diyl, and 1,3-dioxo-2-oxabutane-1 ,4-diyl, as well as the groups exemplified as the 
monovalent hydrocarbon group containing a -CO2- partial structure, with one hydrogen atom eliminated therefrom. 
Examples of the straight, branched or cyclic alkylene groups of 1 to 15 carbon atoms include the groups exemplified 
for Ri*. with one hydrogen atom eliminated therefrom. 

25 [0036] R25 is a polycyclic hydrocarbon group having 7 to 15 carbon atoms. or an alkyI group containing a polycyclic 
hydrocarbon group, for example, norbornyl, bicyclo[3.3.1]nonyl, tricyclo[5.2.1 ^jdecyi, adamantyl, ethyladamantyl, 
butyladamantyl, norbornylmethyl, and adamantylmethyi. R^^ is an acid labile group. R27 is hydrogen or methyl. R28 is 
a straight, branched or cyclic alkyI group of 1 to 8 carbon atoms, examples of which are as exemplified for R^. The 
letter k is equal to 0 or 1 , and x, y and 2 are integers of 0 to 3, preferably 0 to 2, satisfying x+y+z ^ 5, preferably x+y+z 

30 < 3. and 1 < y+z. 

[0037] Illustrative groups of the acid labile group represented by R^^ include groups of the following fomiulae (14) 
and (1 5), tertiary alkyI groups of 4 to 20 carbon atoms, preferably 4 to 1 5 carbon atoms, trialkylsilyl groups whose alkyls 
each have 1 to 6 carbon atoms, and oxoalkyi groups of 4 to 20 carbon atoms. 



35 



40 



C OR^* 

i. 

(14) 



(15) 



45 [0038] Herein, R^® and R^^ each are hydrogen or a straight, branched or cyclic alkyl group of 1 to 18 carbon atoms, 
preferably 1 to 10 carbon atoms, for example, methyl, ethyl, propyl, Isopropyl, n-butyl, sec-butyl, tert-butyl, cyclopentyl, 
cyclohexyl, 2-ethylhexyl, and n-octyl. R^^ is a monovalent hydrocarbon group of 1 to 18 carbon atoms, preferably 1 to 
10 carbon atoms, which may have a hetero atom such as an oxygen atom, for example, straight, branched or cyclic 
aikyi groups, In which some hydrogen atoms are replaced by hydroxyl, alkoxy, 0x0, amino, or alkylamino groups. More 

50 illustrative of the R^^ group are the substituted alkyl groujDS shown below. 



55 (CH2)4— OH (CH2)2— O— (CH2)3— CHa CHj ( ) CHj qh 
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[0039] A pair of R^© ad R^o. R^^ and R^i. or R^o and R^^ taken together, may form a ring. R29, R30 and R^^ each 
represent straight or branched alkylene groups of 1 to 18 carbon atoms, preferably 1 to 10 carbon atoms when they 
form a ring. 

[0040] R32 is a tertiary alkyl group of 4 to 20 carbon atoms, preferably 4 to 1 5 carbon atoms, trialkylsilyl group whose 
alkyls each have 1 to 6 carbon atoms, oxoaikyi group of 4 to 20 carbon atoms, or group of above formula (14). Letter 
a is an Integer of 0 to 6. 

[0041] Exemplary tertiary alkyl groups include tert-butyl, tert-amyl, 1,1-diethyipropyl, 1 -ethyteyclopentyl: 1-butylcy- 

clopentyl, 1-ethylcyclohexyl, 1 -butylcyclohexyl, 1 -ethyl-2-cyclopentenyl, 1-ethyl-2-cyclohexenyl, and 2-methyl-2-ada- 
mantyl. Exemplary trialkylsilyl groups are those whose alkyl groups each have 1 to 6 carbon atoms, such as trimeth- 
yisityl. triethylstlyl and dimethyMert-butytsilyl. Examples of oxoaikyi groups include 3-oxocyciohexyl, 2-oxooxan^-yl, 
and 4-methyl-2-oxooxolan-4-yl. 

[0042] Of the acid labile groups of formula (14), straight and branched groups are Illustrated below. 



CH2-O-CH3 



-CH2O-CH2-CH3 -CH2-0-(CH2)2-CH3 



2S 



30 



-.CHj—o— (CH2)3-CH3 
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[0043] Of the acid labile groups of formula (14), cyclic groups are Illustrated bebw. 




[0044] Illustrative examples ot the acid Ubro group of fonmula (1 5) include tert-butoxycarbonyl, tert-butoxycarbonyl- 
methyl, tert-amyloxycarboiyJ icfi amyioxvcarbonylmethyl, 1.1-dielhylpropyloxycarbonyl, 1,1-diethylpropyloxycarbo- 
nylmethyl, l-ethylcyclopcr.tyioxyc*irtx)nyi 1 -cihylcyclopentyloxycarbonylmethyl, l-ethyl-2-cyclopentenyloxycarbonyl, 
20 1 -ethyl-2-cyciopentenyloxyca Ujriyt'nouiy! t -eihoxyethoxycarbonylmethyl, 2-tetrahydropyranyloxycarbonylmethyl, 
and 2-tetrahydPofuranyloxyL:rttU^iykiic'«iyJ 

[0045] The polymer of the invcniof» mr^y to prepared by polymerizing an ester compound of formula (1 ) or by co~ 
polymerizing a first monomer n mc form o» nn ester compound of formula (1) with a second monomer in the form of 
at least one compound of tormui le (I?) to .13* By properly adjusting the proportion of the respective monomers used 
25 in the copolymerlzation reaction the polymer cm be tailored so that it may exert the preferred perfomnance when 
blended in resist compositions 

[0046] In addition to (i) the monomo- of fofmuta {1) and (ii) the monomer or monomers of formulae (2) to (13), the 
polymer of the invention may hdvc copoiymcri/od therewith (iii) another monomer having a carbon-to-carbon double 
bond other than (i) and (ii). Exampir^s of tho HOdittonal monomer (iii) include substituted acrylic acid esters such as 
30 methyl methacrylate, methyl cro'ooHto dinv?lhyl noaleate, and dimethyl itaconate. unsaturated carboxylic acids such 
as maleic acid, fumaric acid and rtrtconic Hcid substituted or unsubstituted norbomenes such as norbornene and methyl 
norbornene-5-carboxylate, and unsaturntcd acid anhydrides such as Itaconic anhydride. 
[0047] The polymers of the Invenlion nrwy contain e.g. 

35 (I) more than 0 mol% to 100 nx>r?c= preferably 20 to 90 mol%, more preferably 30 to 80 mol% of units of formula 

(la) derived from the monomer of formula (1 ), 

(II) 0 mol% to less than 1 00 mol°o, prclorably 1 to 95 moI%, more preferably 5 to 90 mol% of units of one or more 
types of formulae (2a) to (1 3a) derived from the monomers of formulae (2) to (1 3), and optionally, 

(III) 0 to 80 mol%, preferably 0 to 70 moRo. more preferably 0 to 50 mol% of units of one or more types derived 
^ from the additional monomers (in) 

[0048] The polymers of the invention have a weight average molecular weight of 1 ,000 to 500,000, preferably 3,000 
to 100,000. Outside the range, the etching resistance may become extremely tow and the resolution may become low 
because a substantial difference in rate of dissolution before and after exposure Is lost. 

[0049] In the method according to the third aspect of the invention, a polymer is prepared by effecting radical polym- 
erization, anionic polymerization or coordination polymerization between an ester compound of formula (1 ) and another 
compound having a carbon-to-carbon double bond, which is typically selected from the above-described monomers 

(ii) and (iii). 

[0050] For radical polymerization, preferred reaction conditions include (a) a solvent selected from among hydrocar- 
bons such as benzene, ethers such as letrahydrofuran, alcohols such as ethanol, and ketones such as methyl isobutyl 
ketone, (b) a polymerization initiator selected from azo compounds such as 2,2'-azobisisobutyronitrile and peroxides 
such as benzoyl peroxide and lauroyi peroxide, (c) a temperature of about O^'C to about 100°C, and (d) a time of about 
1/2 hour to about 48 hours. Reaction conditions outside the described range may be employed if desired. 
[0051] For anionic polymerization, preferred reaction conditions include (a) a solvent selected from among hydro- 
ps carbons such as benzene, ethers such as tetrahydrofuran, and liquid ammonia, (b) a polymerization initiator selected 
from metals such as sodium and potassium, alkyi metals such as n-butyllithium and sec-butyllithium, ketyl, and Grignard 
reagents, (c) a temperature of about -78*C to about 0"C, (d) a time of about 1/2 hour to about 48 hours, and (e) a 
stopper selected from among proton-donative compounds such as methanol, haiides such as methyl iodide, and elec- 
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trophilic compounds. Reaction conditions outside the described range may be employed if desired. 
[0052] For coordination polymerization, preferred reaction conditions include (a) a solvent selected from among hy- 
drocarbons such as n-heptane and toluene, (b) a catalyst selected from Ziegler-Natta catalysts comprising a transition 
metal (e.g.. titanium) and alkylaluminum. Phillips catalysts of metal oxides having chromium or nickel compounds 
carried thereon, and olefin-metathesis mixed catalysts as typified by tungsten and rhenium mixed catalysts, (c) a tem- 
perature of about 0*^0 to about 100^C, and (d) a time of about 1/2 hour to about 48 hours. Reaction conditions outside 
the described range may be empbyed if desired. 

Rests! composition 

[0053] Stncc the polymer ot the invention is useful as the base polymer of a resist composition, the other aspect of 
the invcniton provides a resist composition comprising the polymer. Specifically, the resist composition is defined as 
compiis ng the polymer, a photoacid generator, and an organic solvent. 

IS PhoiOHCtd Qonorator 

[0054] 1 he phoioacid generator is a compound capable of generating an acid upon exposure to high energy radiation 
or ciccifoo beams and includes the following: 

20 (I) onium sails of the formula (P1a-1 ), (P1a-2) or (PI b), 

(n) dki/orncthane derivatives of the formula (P2), 
(Hi) glyoximc derivatives of the fomriula (P3), 

(IV) bissullone derivatives of the formula (P4), 

(V) sultonic acid esters of N-hydroxyimide compounds of the formula (PS), • * 
25 (VI) li kclosullonic acid derivatives. -'i 

(vti) disutfone derivatives, ^ 
(vim) niirobervzylsu If onate derivatives, and 

(IX) sulfonate derivatives. • **- 

30 [0055] These phoioacid generators are described in detail. - 
(i) Onium salts of formula (P1a-1). (P1a-2) or (Pib): 

«. 

[0056] 

35 -ft 



40 



f,ioia — s- R 



IOIC« 



K K- 

Plal Pla.2 



[0057] Herein, R'°'», , B^^^^, and R^^^® independently represent straight, branched or cyclic alkyi, alkenyl, oxoalkyi 
45 or oxoalkenyl groups ol 1 to 1 2 carbon atoms, aryl groups ot 6 to 20 carbon atoms, or araikyi or aryloxoalkyi groups 
of 7 to 12 carbon atoms, wherein some or all of the hydrogen atoms may be replaced by alkoxy or other groups. Also, 
Rioib ancl Rioi«=, taken together, nnay foriti a ring. Rioi*^ and R^^^* each are alkylene groups of 1 to 6 carbon aionns 
when they form a ring. K* is a non-nucleophilic counter ion. 

[0058] R^o^^, , R^0'*>. and Rio^c p^y be the same or different and are illustrated below. Exemplary alkyI groups 
so include methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl, octyl, cyctopentyl, cyclohexyl, 
cycloheptyl, cyclopropylmethyl, 4-methylcyclohexyl, cyclohexylmethyl, norbomyl, and adamantyl. Exemplary alkenyl 
groups include vinyl, allyl, propenyl, butenyl, hexenyl, and cyclohexenyl. Exemplary oxoalkyi groups include 2-oxocy- 
clopcntyl and 2-oxocyclohexyl as well as 2-oxopropyl, 2-cyclopentyl-2-oxoethyl, 2-cyclohexyl-2-oxoethyl, and 2- 
(4-methylcyclohexyl)-2-oxoethyl. Exemplary aryl groups include phenyl and naphthyl; alkoxyphenyl groups such as p- 
ss methoxyphenyl, m-methoxyphenyl, o-methoxyphenyl. ethoxyphenyl, p4ert-butoxyphenyl, and m-tert-butoxyphenyl; 
alkylphenyl groups such as 2-methylphenyl, 3-methylphenyl, 4-methylphenyl, ethylphenyl, 4-tert-butylphenyl, 4-butyl- 
phenyl, and dimethylphenyl; alkylnaphthyl groups such as methylnaphthyl and ethylnaphthyl; alkoxynaphthyl groups 
such as methoxynaphthyl and ethoxynaphthyl; dialkylnaphthyl groups such as dimethylnaphthyl and diethylnaphthyl; 
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and dialkoxynaphthy! groups such as dimethoxynaphthyl and diethoxynaphthyl. Exennplary aralkyl groups include ben- 
zyl, phenylethyl, and phenethyl. Exemplary aryloxoalkyi groups are 2-aryl-2-oxoethyl groups such as 2-phenyl-2-ox- 
oethyl, 2-(1-naphthyI)-2-oxoethyl, and 2-(2-naphthyl)-2-oxoethyl. Examples of the non-nucleophilic counter ion repre- 
sented by K- include halide ions such as chloride and bromide ions, fluoroalkylsulfonate ions such astriflate, 1,1,1-trl- 
fluoroethanesulfonate. and nonafluorobutanesulfonate, arylsulfonate Ions such as tosylate, benzenesulfonate, 4-fluor- 
obenzenesultonate, and 1,2,3,4:5-pentafluorobenzenesulfonate, and a Iky {sulfonate ions such as mesylate and bu- 
tanesulfonate. 



10 Rl02« R'«b 

K" K 



IS 



so 



SS 



Plb 



[0059] Herein, Ri02a an^l Rio2b independently represent straight, branched or cyclic alkyi groups of 1 to 8 carbon 
atoms. represents a straight, branched or cyclic alkylene groups of 1 to 10 carbon atoms. Rio*a and Rio^b inde- 
pendently represent 2-oxoalkyl groups of 3 to 7 carbon atoms. K* is a non-nucleophlllc counter ion. 
[0060] Illustrative of the groups represented by R^^* and Riosb are methyl, ethyl, propyl, Isopropyl, n-butyl, sec- 

20 butyl, lerl-butyl, pentyl, hexyl, heptyl, oclyl, cyclopentyl, cyclohexyl, cyclopropylmethyl, 4-methylcyciohexyl, and cy- 
clohexylmethyl. Illustrative of the groups represented by R^^^are methylene, ethylene, propylene, butylene, pentylene, 
hexylene, heptylene, octylene, nonylene, 1 ,4-cyclohexylene, 1,2-cyclohexylene. 1 ,3-cyclopentylene, 1 ,4-cycloocty- 
lene, and 1 ,4-cyclohexanedimethyiene. Illustrative of the groups represented by RiMa gn^i R"»04b are 2-oxopropyl, 
2-oxocyclopentyl, 2-oxocyclohexyl, and 2-oxocycloheptyL Illustrative examples of the counter ion represented by K* 

2S are the same as exemplified for formulae (P1a-1 ) and (P1a-2). 

(ii) Dtazomethane derivatives of fomnuia (P2) 
[0061] 

30 

Rl05_SO2~C-SO2~R^06 

[0062] Herein, R^^^ and R""^^ independently represent straight, branched or cyclic alkyI or halogenated alkyl groups 
of 1 to 12 carbon atoms, aryl or halogenated aryl groups of 6 to 20 carbon atoms, or aralkyl groups of 7 to 12 carbon 
atoms. 

40 [0063] Of the groups represented by FO^^ and R^o^. exemplary alkyl groups include methyl, ethyl, propyl, isopropyl, 
n-butyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl, octyl, amyl, cyclopentyl, cyclohexyl, cycloheptyl, norbornyl, and ad- 
amantyl. Exemplary halogenated alkyl groups include trifluoromethyl, 1 ,1 ,1-trlfluoroethyl, 1,1,1-trichloroethyl, andnon- 
afluorobutyl. Exemplary aryl groups include phenyl; alkoxyphenyl groups such as p-methoxyphenyl, m-methoxyphenyl, 
o-methoxyphenyl, ethoxyphenyl, p-tert-butoxyphenyl, and m-tert-butoxyphenyl; and alkylphenyl groups such as 

4S 2-methylphenyl. 3-methylphenyl, 4-methylphenyl, ethylphenyl, 4-tert-butylphenyl, 4-butylphenyl, and dimethylphenyl. 
Exemplary halogenated aryl groups include fluorophenyl, chlorophenyl, and 1,2,3,4,5-pentafluorophenyl. Exemplary 
aralkyl groups include benzyl and phenethyl. 



(lii) Glyoxime derivatives of formula (P3) 
[0064] 



Rl08 p109 

r107__sO2-o— N=C C=N — O— SOj— R«o? 

P3 



16 



BNSDOCID: <EP 10(MS68A2J_> 

i 



EP 1 004 568 A2 



10 



IS 



[0065] Herein, R^°^, R^^^. and independently represent straight, branched or cyclic alkyi or halogenated atkyi 
groups of 1 to 1 2 carbon atoms, aryl or habgenated aryl groups ol 6 to 20 carbon atonns, or aralkyi groups of 7 to 1 2 
carbon atoms. Also, R^^^ and R"*^, taken together, may form a ring. R^°® and R^^^ each are straight or branched 
alkylene groups of 1 to 6 carbon atoms when they form a ring. 

[00$6] Illustrative examples of the alkyi, halogenated alky!, aryl, halogenated aryl, and aralky! groups represented 
by R107, R106, and are the same as exemplified for R^^ and R^^. Examples of the alkylene groups represented 
by R^*® and R^^ include methylene, ethylene, propylene, butylene, and hexylene. 

(iv) Bissulfone derivatives of formula (P4) 

[0067] 

O p 

RtOU ^_CH2_i_Rioib 

II II 

O O 
P4 



20 [ooeq Herein. Rio^« and R^o^»> are as defined above. 

(v) Sulfonic acid esters of N-hydroxyimide compounds of formula (P5) 
[0069] 

25 



30 




[0070] Herein. R^^^ is an arylene group of 6 to 1 0 carbon atoms, alkylene group of 1 to 6 carbon atoms, or alkenylene 

3S group of 2 to 6 carbon atoms wherein some or all of the hydrogen atoms may be replaced by straight or branched alkyi 
or alkoxy groups of 1 to 4 carbon atoms, nitro, acetyl, or phenyl groups. R''^^ is a straight, branched or cyclic alkyi 
group of1 to 8 carbon atoms, alkenyl, alkoxyalkyi, phenyl or naphthyl group wherein some or all of the hydrogen atoms 
may be replaced by alkyi or alkoxy groups of 1 to 4 carbon atoms, phenyl groups (which may have substituted thereon 
an alkyi or alkoxy of 1 to 4 carbon atoms, nitro. or acetyl group), hetero-aromatic groups of 3 to 5 carbon atoms, or 

40 chlorine or fluorine atoms. 

[0071] Of the groups represented by Ri^o exemplary arylene groups include 1,2-phenylene and 1,6-naphthylene; 
exemplary alkylene groups include methylene, 1,2-ethylene, 1,3-propylene, 1 ,4-butylene, 1-phenyM ,2-ethylene: and 
norbornane-2,3-diyi; and exemplary alkenylene groups include 1 .2-vinylene, 1 -phenyl-1 ,2-vinylene, and 5-nortx)rnene- 
2,3-dfyl. Of the groups represented by R^^^ exemplary alkyi groups are as exemplified for R^^^^to R^^^^; exemplary 

^ alkenyl groups include vinyl, i-propenyl, allyl, 1-butenyl, 3-butenyl, isoprenyl, 1-pentenyl, 3-penienyl, 4-pentenyl, 
dimethylallyl, 1-hexenyl. 3-hexenyl, 5-hexenyl, 1-heptenyl, 3-heptenyl, 6-heptenyl. and 7-octenyl; and exemplary 
alkoxyalkyi groups include methoxy methyl, ethoxymethyl, propoxymethyl. butoxymethyl, pentyloxymelhyl, hexy- 
loxymethyl, heptyloxymethyl. methoxyelhyi, ethoxyelhyl, propoxyethyl, butoxyethyl. pentyloxyelhyl, hexyloxyethyl. 
methoxypropyl, ethoxypropyl. propoxypropyL butoxypropyl, methcxybutyl, ethoxybutyl, propoxybutyl, methoxypentyl. 

50 . ethoxypentyl, melhoxyhexyl, and methoxyheptyl. 

[0072] Of the substftuents on these groups, the alkyi groups of 1 to 4 carbon atoms include methyl, ethyl, propyl, 
isopropyl, n-butyl, isobutyl and tert-butyl; the alkoxy groups of 1 to 4 carbon atoms include methoxy, ethoxy, propoxy, 
isopropoxy, n-butoxy. Isobutoxy, and tert-butoxy; the phenyl groups which nnay have substituted thereon an alkyi or 
alkoxy of 1 to 4 carbon atoms, nitro, or acetyl group include phenyl, tolyl, p-tert-butoxyphenyl, p-acetytphenyl and p- 

55 nitrophenyl; the hetero-aromatic groups of 3 to 5 carbon atoms include pyridyl and furyl. 
[0073] Illustrative examples of the photoacid generator include: 

[0074] onium salts such as diphenyliodonium trifluoromethanesulfonate. (p-tert-butQxyphenyl)phenyliodonium trifiuor- 
omethanesulfonate, diphenyliodonium p-toluenesulfonate, (p-tert-butoxyphenyl)phenyliodonium p-toluenesulfonate, 
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triphenylsulfonium trifluoromethanesultonate, (p-tert-butoxyphenyl)diphenylsutfonium trifluoromethanesulfonate, bis(p- 
lert-butoxyphenyl)phenylsulfonium trifluoromethanesulfonate, tris(p-tert-butoxyphenyl)sulfonium trifluoromethanesul- 
fonate, triphenylsulfonium p-toluenesulfonate. (p-tert-butoxyphenyl)cliphenylsulfonium p-toluenesulfonate. bis(p-tert-bu- 
toxyphenyOphenylsulfonium p-toluenesulfonate, tris(p-tert-butoxyphenyl)sulfonium p-toluenesulfonate, triphenylsullo- 

5 . nium nonafluorobutanesulfonate, triphenylsulfonium butanesulfonate, trimethylsulfonium trifluoromethanesulfonate, tri- 
melhylsullonium p-toluenesullonate, cyclohexylmethyl(2-oxocyclohexyl)sulfonium trifluoromethanesulfonate, cyclohex- 
ylmelhyl(2-oxocyclohexyl)sulfonium p-toluenesulfonate, dimethylphenylsulfonium trifluoromethanesulfonate. dimethyl- 
phenylsullonium p-toluenesulfonate, dicyclohexylphenylsulfonium trifluoromethanesulfonate, dicyclohexylphenylsulfo- 
nium p-loluenesulfonate, trinaphthylsulfonium trifluoromethanesulfonate, cyclohexylmethyl(2-oxocyclohexyl)sulfonium 

10 tnfluoromclhanesulfonate, (2-norbornyl)methyl(2-oxocyclohexyl)sulfonium trifluoromethanesulfonate^ ethylenebls[me- 
thyl(2-oxocyclopentyl)sulfonium trifluoromethanesulfonate], and 1,2'-naphthylcarbonylmethyltetrahydrolhiophenium tri- 
flatc. 

[0075] difi/omethane derivatives such as bis(benzenesulfonyl)diazomethane, bis(p-toluenesulfonyl)diazomethane, 
bis(xylonesulfonyl)diazomethane, bis(cyclohexylsulfonyl)dia2omethane, bis(cyclopentylsulfonyl)diazomethane, bis(n- 
^5 bulyl5uMonyl)diazomethane, bis(isobutylsulfonyl)diazomethane, bis(sec-butylsulfonyl)diazomethane, bis(n-propylsul- 
tonyhdia/omcihane, bis(isopropylsulfonyl)diazomelhane, bis(tert-butylsulfonyl)diazomethane, bjs(n-amylsulfonyl)dia- 
zomcthdnc Dts(isoamylsulfonyl)diazomethane, bis(sec-amylsulfonyl)diazomethane, bis(tert-amylsulfonyl)dia2ometh- 
ane. i <yciohexylsulfonyl-l -(tert-butylsulfony!)diazomethane, 1 -cyclohexylsulfonyl-1 -(tert-amylsulfonyl)diazometh- 
ane. and Mcn-amyisulfonyl-i-(tert-butylsulfonyl)dlazomethane; 

glyoxune derivatives such as bis-CH(p-toluenesulfonyl)-a-dimethylg}yoxime, bls-o-(p-loluenesulfonyl)-tt-diphenylgly- 
oxime bis-o-(p-loluenesulfonyl)-a-dicyclohexylglyoxjme, bis-o-(p-toluenesulfonyl)-2,3-pentanedioneglyoxime, bis- 
o-(p-loluenesulfonyl)-2-methyl-3,4-pentanedioneglyoxime, bis-o-(n-butanesulfonyl)-a-dimethylglyoxime, bis-o-(n- 
butanesulfonyl)-a-diphenylglyoxinrie, bis-o-(n-butanesu}fonyl)-a-dicyclohexylglyoxime, bis-o-{n-butanesulfonyl)- 
2.3-pcntancdioncglyoxime, bis-o-(n-butanesutfonyl)-2-methyl-3,4-pentanedionegtyoxime, bis-o-(methanesulfonyl)- 
a-dmolhylglyoxime, bis-o-(trlfluoromethanesulfonyl)-a-dimethylglyoxime, bls-o-(1 ,1 ,1 -trifluoroethanesulfonyl)-a- 
dimethylglyoxime. bis-o-(tert-butanesu!fonyI)-a-dimethylglyoxime, bis-o-(perfluorooctanesulfonyl)-a-dimethylglyox- 
ime bis-o-(cyctohexanesulfonyl)-a-dimethylglyoxime, bis-o-(ben2enesulfonyl)-a-dimethylglyoxime, bis-o-(p-fluor- 
obGnzenesul1onyl)-a-dimethylglyoxime, bis-o-(p-tert-butyIben2enesuHonyl)-a-dimethylglyoxime, bis-o-(xylenesulfo- 
nyl)-a-djmethylglyoxime, and bis-o-(camphorsulfonyl)-a-dimethylglyoxime; 

bissullone derivatives such as bisnaphthylsulfonylmethane, bistrifluoromethylsulfony I methane, bismethylsullonyl- 
methane, biseihylsulfonylmethane, bispropylsulfonylmethane, bisisopropylsulfonylmethane, bis-p-toluenesulfo- 
nytmethane, and bisbenzenesutfonylmethane; 

li-ketosulfone derivatives such as 2-cyclohexylcarbonyI-2-(p-toluenesulfony!)propane and 2-isopropylcarbonyl-2- 

(p-toluenesulfonyl)propane; 

disulfone derivatives such as diphenyl disulfone and dicyclohexyl disulfone; 

nitrobenzyl sulfonate derivatives such as 2,6-dinitrobenzyl p-toluenesuifonate and 2,4-dlnitrobenzyl p-toluenesul- 
fonate: 

sulfonic acid ester derivatives such as 1 ,2,3-tris(methanesulfonyloxy)benzene, 1 ,2,3-triis(trifluoromethanesulfony- 
loxy)benzene, and 1 ,2,34ris(p-toluenesulfonyloxy)benzene; and 

sulfonic acid esters of N-hydroxyimides such as N-hydroxysuccinimide methanesulfonate^ N-hydroxysuccinimide 
trifluoromethanesulfonate. N-hydroxysuccinimide ethanesulfonate, N-hydroxysuccinimide 1-propanesulfonate, N- 
hydroxysuccinimide 2-propanesulfonate, N-hydroxysuccinimide 1-pentanesulfonate, N-hydroxysuccinimide 1-oc- 
tanesulfonate, N-hydroxysuccinimide p-toluenesulfonate, N-hydroxysuccinimide p-methoxybenzenesulfonate, N- 
hydroxysuccinimlde 2-chloroethanesulfonate, N-hydroxysuccinlmide benzenesultonate, N-hydroxysuccinimide 
2,4,6-lrlmethylbenzenesulfonate, N-hydroxysuccinlmide 1 -naphthalenesulfonate, N-hydroxysuccinimide 2-naph- 
thalenesulfonate, N-hydroxy-2-phenylsuccinlmide methanesulfonate, N-hydroxymaleimlde methanesulfonate, N- 
hydroxymaleimide ethanesulfonate, N-hydroxy-2-phenylmaleimide methanesulfonate, N-hydroxyglutarimide 
methanesulfonate, N-hydroxyglutarimide benzenesulfonate, N-hydroxyphthalimide methanesulfonate, N-hydrox- 
yphthalimide benzenesulfonate, N-hydroxyphthalimlde trifluoromethanesulfonate, N-hydroxyphthalimlde p-tolue- 
nesulfonate, N-hydroxynaphthalimide methanesulfonate, N-hydroxynaphthalimlde benzenesulfonate, N-hydroxy- 
5-norbornene-2,3-dlcarboxyimide methanesulfonate, N-hydroxy-5-norbomene-2,3-dicarboxyimide trifluorometh- 
anesulfonate. and N-hydroxy-5-norbornene-2,3-dicarboxyimide p-toluenesulfonate. 

ss [0076] Preferred among these photoacid generators are onium salts such as triphenylsulfonium trifluoromethanesul- 
fonate, (p-tert-butoxyphenyl)dlphenylsulfonium trifluoromethanesulfonate, tris(p-tert-butoxyphenyl)sulfonlum trifluor- 
omethanesulfonate, triphenylsulfonium p-toluenesulfonate, (p-tert-butoxyphenyl)diphenylsulfonium p-toluenesul- 
fonate, tris(p-tert-butoxyphenyl)sulfonium p-toluenesulfonate, trinaphthylsulfonium trifluoromethanesulfonate, cy- 
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clohexylmelhyl(2-oxocyclohexyl)sulfonium trifluoromethanesulfonate. (2-norbornyl)methyl(2-oxocylohexyl)sutfonium 
trifluoromethanesulfonate. and 1.2'-naphthylcarbonylmethyltetfahydrothiophenium triflate; diazomelhane derivatives 
such as bis(benzenesulfonyl)diazomethane, bis(p-toluenesulfonyl)diazomethane, bis(cyclohexylsu!fonyl)diazometh- 
ane, bis(n-butylsulfonyl)diazonnethane. bis(isobutylsulfonyl)diazomethane, bis(sec-butylsulfony))diazomethane, bls(n- 
propylsulfonyOdiazomethane. bis(isopropylsultonyl)diazomethane, and bis(tert-butylsutfonyl)diazomBthane; glyoxime 
derivatives such as bis-o-(p-toluenesulfonyl)-a-dimethylglyoxime and bis-o(n>butanesultonyl)-a-dimethylglyoxime; 
bissutlone derivatives such as bisnaphthylsultonylmethane; and sulfonic acid esters of N<hydroxyimide conripounds 
suchasN-hydroxysuccinimide methanesulfonate, N-hydroxysuccinimide trifluoromethanesulfonate. N-hydroxysuccin- 
imide 1 -propanesulfonate. N-hydroxysuccinimide 2-propanesulfonate, N-hydroxysuccinimide 1 -pentanesulfonate, N* 
hydroxysuccinimide p-toluenesulfonate. N-hydroxynaphthatimtde methanesulfonate, and |Nj-hydroxynaphthaiimide 
benzenesulfonate. 

[0077] These photoacid generators may be used singly or in combinations of two or more thereof. Onlum salts are 
effective for improving rectangularity, while diazomethane derivatives and glyoxime derivatives are effective for reduc- 
ing standing waves. The combination of an onium salt with a diazomethane or a glyoxime derivative allows for fine 

adjustment of the profile. 

[0078] The photoacid generator is added in an amount of 0.1 to 15 parts, and especially 0.5 to 8 parts by weight, 
per 100 parts by weight of the base resin (all parts are by weight, hereinafter). Less than 0.1 pan of the photoacid 
generator would provide a poor sensitivity whereas more than 15 parts of the photoacid generator would lower the rate 
of alkali dissolution to reduce the resolution of resist compositions arKj also lower the heat resistance because of the 
excessive presence of lower molecular weight components. 

Organic solvent 

[0079] The orgsinic solvent used herein may be any organic solvent in which the base resin, photoacid generator, 
and other components are soluble. Illustrative, non-limiting, examples of the organic solvent include ketones such as 
cyclohexanone and methyl-2-n-amylketone; alcohols such as 3-methoxybutanol, 3-methyl-3-methoxybutanol, 1 -meth- 
oxy-2-propanol, and 1-ethoxy-2-propanol; ethers such as propylene glycol monomethyl ether, ethylene glycol mono- 
methyl ether, propylene glycol monoethyl ether, ethylene glycol monoethyl ether, propylene glycol dimethyl ether, and 
diethylene glycol dimethyl ether; and esters such as propylene glycol monomethyl ether acetate, propylene glycol 
monoethyl ether acetate, ethyl lactate, ethyl pyruvate, butyl acetate, methyl 3-methoxypropionale, ethyl 3-ethoxypro- 
pionate, tert-butyl acetate, tert-butyl propbnate. and propylene glycol mono-tert-butyl ether acetate. These solvents 
may be used alone or in combinations of two or more thereof. Of the above organic solvents, it is recommended to 
use diethylene glycol dimethyl ether and 1 -ethoxy-2-propanol because the photoacid generator sen/ing as one of the 
resist components Is most soluble therein, propylene glycol monomethyl ether acetate because it is a safe solvent, or 
a mixture thereof. 

[0080] An appropriate amount of the organic solvent used is at)out 200 to 1 ,000 parts, especially about 400 to 800 
parts by weight per 1 00 parts by weight of the base resin. 

[0081] To the resist composition of the invention, another polymer other than the polymer of the invention may also 
be added. The other polymers that can be added to the resist composition are, for example, those polymers comprising 
units of the following formula (R1) or (R2) and having a weight average molecular weight of about 1,000 to about 
500,000, especially about 5,000 to about 100,000 although the other polymers are not limited thereto. 
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[0082] Herein, ROO^ is hydrogen, methyl or CHgCOgRO^s. r002 \q hydrogen, methyl or COgHOO^. R003 is a straight, 
branched or cyclic alkyi group of 1 to 15 carbon atoms. R^^ is hydrogen or a monovalent hydrocarbon group ot 1 to 



20 

BNSCXXJD; <EP 1004568A2_L> 



EP 1 004 568 A2 



1 5 cartxjn atoms having a carboxyl or hydroxy! group. At least one of to represents a monovalent hydrocarbon 
group ol 1 to 15 carbon atoms having a carboxyl or hydroxy! group while the remaining R's independently represent 
hydrogen or a straight, branched or cyclic alkyi group of 1 to 1 5 carbon atonis. Alternatively. to R^, taken together, 
may fonn a ring, and in that event, at least one of Pfi^ to Pf^ is a divalent hydrocarbon group of 1 to 15 carbon atoms 

5 having a carboxyl or hydroxy! group, while the remaining R's are independently straight, branched or cyclic alkylene 
groups of 1 to 1 5 cartxjn atoms. R^^ is a monovalent hydrocarbon group of 3 to 15 carbon atoms containing a -CO2- 
partial structure. At least one of R^^^ to R^^^ is a monovalent hydrocarbon group of 2 to 15 carbon atoms containing 
a -CO2' partial structure, while the remaining R's are independently hydrogen or straight, branched or cyclic alky! 
groups of 1 to 15 carbon atoms. PP^^ to R^^^, taken together, may form a ring, and in that event, at least one of PP^^ 

10 to R*^i3 is a divalent hydrocarbon group of 1 to 1 5 carbon atoms containing a -CO2- partial structure, while the remaining 
R's are independently straight, branched or cyclic alkylene groups of 1 to 15 carbon atoms. RP^^ is a polycyclic hydro- 
carbon group having 7 to 15 carbon atoms or an alky! group containing a polycyclic hydrocarbon group. R^^^ \q an acid 
labile group. R^**^ is hydrogen or methyl. R0i7 is a straight, branched or cyclic alky! group of 1 to 8 carbon atoms. Letter 
k' is equal to 0 or 1; aV, a2', a3', bV. b2', b3'. c1', c2'. c3', dV. d2', d3'. and e' are numbers from 0 to less than 1, 

IS satisfying a1'-4^'+a3'4^V+b2'+b3'+cV+c2*+c3'+dV+d2'+d3'+e' = 1; f. g', h'. \\ and f are numbers from 0 to less than 
1 , satisfying f'+g'+h"+i'+j' = 1 . Illustrative examples of the respective groups are the same as exemplified for R^ to R^. 
[0083] The inventive polymer and the other polymer are preferably blended in a weight ratio from 10:90 to 90:10, 
more preferably from 20:80 to 80:20. It the blend ratio of the inventive polymer is below this range, the resist composition 
would become poor In some of the desired properties. The properties of the resist composition can be adjusted by 

20 property changing the blend ratb of the inventive polymer. 

[0084] The polymer is not limited to one type and a mixture of two or more other polymers may be added. The use 
of plural polymers allows for easy adjustment of resist properties. 

Dissolution inhibitor 

25 

[008S] To the resist composltbn, a dissolutbn inhibitor may be added. The dissolution inhibitor is a compound having 
on the molecule at least two phenolic hydroxyl groups, in which an average of from 0 to 100 mol% ot all the hydrogen 
atoms on the phenolic hydroxyl groups are replaced with acid labile groups or a compound having on the molecule at 
least one carboxyl group, in which an average of 80 to 100 mol% of all the hydrogen atoms on the carboxyl groups 
30 are replaced with acid labile grbups, both the compounds having an average molecular weight within a range of -100 
to 1 ,000, and preferably 150 to 800. 

[0086] The degree of substitution of the hydrogen atoms on the phenolic hydroxyl groups or carboxyl groups with 
acid labile groups is on average at least 0 mo{%. and preferably at least 30 mol%. of all the phenolic hydroxy! groups 
or carboxyl groups. The upper limit is 100 mol%, and preferably 80 mol%- 
35 [0087] Preferable examples of such compounds having two or more phenolic hydroxyl groups or compounds having 
a cari)oxyl group include those of formulas (Dl ) to (Dl 4) below. 
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[0088] In these formulas, R^^i apd-R^os are each hydrogen or a straight or branched alkyl or alkenyl of 1 to 8 carbon 
atoms; R^os \s hydrogen, a straight or branched alkyl or alkenyl of 1 to 8 carbon atoms, or -{R^ot^^.qooH; R^o* js - 
(CH2)j- (where i = 2 to 10), an arylene of 6 to 10 carbon atoms, carbonyl, sulfonyl, an oxygen atom, or a sulfur atom; 
R205 IS an alkylene of 1 to 10 carbon atoms, an arylene of 6 to 10 carbon atoms, carbonyl, sulfonyl, an oxygen atom, 
or a sulfur atom; ffi^ is hydrogen, a straight or branched alkyl or alkenyl of 1 to 8 carbon atoms, or a hydroxyl-substituted 
phenyl or naphthyl; R207 is a straight or branched alkylene of 1 to 10 carbon atoms; R208 js hydrogen or hydroxyl; the 
letter j is an integer from 0 to 5; u and h are each 0 or 1 ; s. t, s', t', s", and t" are each numbers which satisfy s+t = 8, 
s'+t' = 5, and s"+t" = 4, and are such that each phenyl skeleton has at least one hydroxyl group; and a is a number 
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such that the molecular weight ol the compounds of fomiula (D8) or (D9) is from 100 to 1 .000. 
[0089] In the above formulas, suitable examples of R^^i and include hydrogen, methyl, ethyl, butyl, propyl, 
ethynyl. and cyclohexyl: suitable examples of R^oa include the same groups as for arwi R^^ well as -COOH 
and -CHsCXXDH: suitable examples of include ethylene, phenylene, carbony!, sulfonyl, oxygen, and sulfur, suitable 
5 examples of R^os include methylene as well as the same groups as for P^^', and suitable examples of include 
hydrogen, methyl, elhyl. butyl, propyl, ethynyl, cyclohexyl, and hydroxyl-substituted phenyl or naphthyl. 
[0090] Exemplary acid labile groups on the dissolution inhibitor include groups of the following general formula (14) 
or (15), tertiary alkyi groups of 4 to 20 carbon atoms, trialkylsilyl groups in which each of the alkyls has 1 to 6 carbon 
atoms, and oxoalkyi groups of 4 to 20 carbon atoms. 

10 



(14) (15) 

20 

[0091] In these formulas R*^ kJ R***^ npu t>tch hydrogen or a straight, branched or cyclic alky! having 1 to 1 8 cartx)n 
' atoms; and R^"* is a monovnkrnt hydfoc-^rron group of 1 to 18 carbon atoms which may contain a heteroatom. A pair 
of R29 and R^o, a pair of R^ rtna n' ' or <i p<i f o* R^^* and R^^ may together form a ring, with the proviso that R^Q, R30, 
and R3"» are each a straight o» br. inched <i Kyicnc o1 1 to18 carbon atoms when they form a ring. Also, R^^ is a tertiaiy 

25 alkyI group of 4 to 20 carbon .itooc nUu i\Kyufy\ group in which each of the alkyls has 1 to 6 carbon atoms, an oxoalkyi 
group o1 4 to 20 carbon atoms o» n group ol mo tormula (14). The letter a is an integer from 0 to 6. 
[0092] The dissolution inhibitor m^y dc •ormut^tod in an amount of 0 to 50 parts, preferably 5 to 50 parts, and more 
preferably 10 to 30 parts, per 100 ><rts of ino base resin, and may be used singly or as a mixture of two or more 
thereof. Less than 5 pails of tho (ii^^u^iuiion mhihiior may fail to yield an improved resolution, whereas the use of more 

'30 than 50 parts would lead to thmnng of iho patterned film, and thus a decline in resolution. 

[0093] The dissolution inhibitor can be synthesized by introducing acid labile groups into a compound having phenolic 
hydroxyl or carboxyl groups in accordance with an organic chemical formulation. 

Bask: compound 

35 

[0094] In the resist composition of the invention, a basic compound may be blended. A suitaible basic compound 
used herein is a compound capable o! suppressing the rate of diffusion when the acid generated by the photoacid 
generator diffuses within the resist film The irx:lusion of this type of basic compound holds down the rate of acid 
diffusion within the resist film, resulting tn bettor resolution. In addition, it suppresses chaonges in sensitivity following 
^0 exposure, thus reducing substrate and environment dependence, as well as improving the exposure latitude and the 
pattern profile. 

[0095] Examples of basic compounds include prinoary, secondary, and tertiary aliphatic amines, mixed amines, ar- 
omatic amines, heterocyclic amines, carboxyl group-bearing nitrogenous compounds, sulfonyl group-bearing nitroge- 
nous compounds, hydroxy! group-bearing narogenous compounds, hydroxyphenyl group-bearing nitrogenous com- 

45 pounds, alcoholic nitrogenous compounds, annide derivatives, and imide derivatives. 

[0096] Examples of suitable primary aliphatic amines include ammonia, methylamine, ethylamine, n-propylamine, 
isopropylamine, n-butylamine, iso-butylamine. sec-butylamine, tert-butylamine, pentylamine, tert-amylamine, cy- 
clopentylamine, hexylamine, cyclohexylamine. heplylamine, oclylamine, nonylamine, decylamine, dodecylamine, ce- 
tylamine, methylenediamine, ethylenediamine. and tetraethylenepentamine. Examples of suitable secondary aliphatic 

so amines include dimethylamine, diethylamine, di-n-propylamine, di-iso-propylamine, di -n-butylamine, di-iso-butylamine, 
di-sec-butylamine, dipentylamine, dicyclopentylamine, dihexylamine, dicyclohexylamine, dtheptylamine, dioctylamine, 
dinonylamine, didecylamine, didodecylamine, dicetylamine, N,N-dimethylmethylenediamine, N,N-dimethylethylenedi- 
amine, and N.N-dimethyltetraethylencpcntamine. Examples of suitable tertiary aliphatic amines include trimethyl- 
amine, triethylamine. tri-n-propylamine, tri-iso-propylamine, tri-n-butylamine, tri-iso-butyiamine, tri-sec-butylamtne, 
tripentylamine, tricyclopentylamine, trihexylamine, tricyclohexylamlne, triheptylamine, trioctylamine, trinonylamine, tri- 
decylamine, tridodecylamine, trtcetylamine, N.N.N'.NI'-tetramethylmethylenedlamine, NI,N,N',N-tetramethylethyIenedi- 
amine, and N.N.N'.N'-tetramethyltelraethylenepentamine. 

[0097] Examples of suitable mixed amines include dimethyl ethylamine. methylethylpropylamine, benzylamine. 
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phenethylamine, and benzyldimethylamlne. Examples of suitable aromatic and heterocyclic amines include aniline 
derivatives (e.g., aniline, N-methylaniline, N-ethylaniline, N-propylanillne, N.N-dimethylanillne. 2-methylaniline, 
S-methylaniline. 4-methylaniline, ethylaniline, propylaniline, trimethylaniline, 2-nitroanlline. 3-nitroaniline, 4-nitroaniline, 
2,4-dinitroanlline, 2,6-dinitroaniline, 3,5-dinltroaniline. and N.N-dimethyltoluidine), diphenyl(p-tolyl)amlne. methyld- 
S iphenylamlne, triphenylamine, phenylenediamine. naphthylamine, diaminonaphthalene, pyrrole derivatives (e.g., pyr- 
role, 2H-pyrrole, 1 -methylpyrrole, 2.4-dimethylpyrrole, 2.5-dimethylpyrrole, and N-methylpyrrole). oxazole derivatives 
(e.g., oxazole and isooxazole), thiazole derivatives (e.g., thiazole and isothiazole], imidazole derivatives (e.g., imida- 
zole, 4-methylimidazole, and 4-methyl-2-phenylimidazole), pyrazole derivatives, furazan derivatives, pyrrollne deriva- 
tives (e.g., pyrroline and 2-methyM -pyrrollne), pyrrolidine derivatives (e.g., pyrrolidine, N-methylpyrrolidine, pyrrolidi- 
ne none, and N-methylpyrrolidone), imidazoline derivatives, imidazolidine derivatives, pyridine derivatives (e.g.. pyridine, 
methylpyridine, ethylpyridine, propylpyridine, butylpyridine, 4-(1-butylpentyl)pyridine, dimethylpyridine, trimethylpyrid- 
ine, triethylpyridine, phenylpyridine, 3-methyl-2-phenylpyrldine, 4-tert-butylpyridlne, diphenylpyridine, benzylpyridlne. 
methoxypyridine, butoxypyridine, dimethoxypyridine, 1-methyl-2-pyridone, 4-pyrrolidinopyrldine, 1-methyl-4-phenylpy- 
ridine, 2-(1-ethylpropyl)-pyridine, aminopyridlne, and dimethylaminopyridine), pyridazine derivatives, pyrimidine deriv- 
es atives, pyrazine derivatives, pyrazollne derivatives, pyrazolidine derivatives, piperidine derivatives, piperazine deriva- 
tives, morpholine derivatives, indole derivatives, isoindole derivatives, 1 H-indazole derivatives, indoline derivatives, 
quinollne derivatives (e.g., quinoline and 3-quinoIinecarbonitrile), isoquinoline derivatives, cinnoline derivatives, quina- 
zollne derivatives, quinoxaline derivatives: phthalazine derivatives, purine derivatives, pteridlne derivatives, carbazole 
derivatives, phenanthridine derivatives, acridine derivatives, phenazine derivatives, 1,10-phenanthroline derivatives, 
20 adenine derivatives, adenosine derivatives, guanine derivatives, guanoslne derivatives, uracil derivatives, and uridine 
derivatives. 

[0098] Examples of suitable carboxyl group-bearing nitrogenous compounds include aminobenzoic acid, indolecar- 
boxyiic acid, and amino acid derivatives (e.g. nicotinic acid, alanine, alginine, aspartic acid, glutamic acid, glycine, 
histidine, isoleucine, glycylleucine, leucine, methionine, phenylalanine, threonine, lysine, 3-aminopyrazlne-2-cart3oxylic 

25 acid, and methoxyalanine). Examples of suitable sulfonyl group-bearing nitrogenous compounds include 3-pyridinesul- 
fonic acid and pyridinium p-toluenesultonate. Examples of suitable hydroxyl group-bearing nitrogenous compounds, 
hydroxyphenyl group-bearing nitrogenous compounds, and alcoholic nitrogenous compounds include 2-hydroxy pyri- 
dine, aminocresol, 2,4-quinolinediol, 3-indolemethanol hydrate, monoethanolamine, dielhanolamine, triethanolamine, 
N-ethyldiethanolamine, N,N-diethylethanolamine, triisopropanolamine, 2.2Mminodiethanol. 2-amlnoethanol, 3-amino- 

30 1-propanol 4-amino-1 -butanol, 4-(2-hydroxyethyl)morphoIine. 2-(2-hydroxyethyl)pyridine, 1 -(2-hydroxyethyl)pipera- 
zine, 1-I2-(2-hydroxyethoxy)ethyl]-piperazine. piperidine ethanol. 1-(2-hydroxyethyl)-pyrrolidine, 1 -(2-hydroxyethyl)- 
2-pyrrolidinone, 3-piperidino-1,2-propanediol, 3-pyrrolidino-1.2-propanediol,.8-hydroxyjulolidine, 3-quinuclidinol, 3-tro- 
panol, 1 -methyl-2-pyrrolidine ethanol, 1 -aziridine ethanol, N-(2-hydroxyethyl)phthaiimide, and N-(2-hydroxyethyl)-ison- 
icotlnamide. Examples of suitable amide derivatives include formamide, N-methyltomfiamide, N,N-dimethylformamide, 

35 acetamide, N-methylacetamide, N,N-dtmethylacetaniide, propionamlde, and benzamide. Suitable imide derivatives 
include phthalimide, succinimide, and maleimide. 

[0099] In addition, basic compounds of the following general formulas (Bl ) and (B2) may also be included. 
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[0100] In the formulas, R^^, R303 R307 and R^os are independently straight, branched or cyclic alkylenes of 
1 to 20 carbon atoms; R^^^, R^^, H^^, and R^io are hydrogen, alkyls of 1 to 20 carbon atoms, or amino; 
and R305 r304 and R306, r305 and R307 r304 wfth r305 and H^^, and and R^^o may bond together to form rings; 
so and S. T and U are each integers from 0 to 20, with the proviso that hydrogen is excluded from R^*^, R^os^ r306^ r309 
and R^""^ when S, T and U are equal to 0. 

[0101] The alkylene groups represented by R^^y, R302, r303^ r307 a^cl R^os preferably have 1 to 20 carbon atoms, 
more preferably 1 to 1 0 carbon atoms, and most preferably 1 to 8 carbon atoms. Examples include methylene, ethylene, 
n-propylene, Isopropylene, n-butylene, isobutylene, n-pentylene, isopentylene, hexyJene, nonylene, decylene, cy- 
ss clopentylene, and cyclohexylene. 

[01 02] The alkyi groups represented by R^^, R^^, R^^^, R^^ and R^"" o preferably have 1 to 20 carbon atoms, more 
preferably 1 to 8 carbon atoms, and most preferably 1 to 6 carbon atoms, and may be straight, branched or cyclic. 
Examples include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, tsopentyl. hexyl, nonyl, decyl, 
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dodecyl, tridecyl, cycbpentyl. and cyclohexyl. 

[01 03] Where R304 and R3^». R304 and R3«». and R^OB, r304 with and R^oe^ and R^^ and R^io f omn rings, 
the rings preferably have 1 to 20 carbon atoms, more preferably 1 to 8 carbon atoms, and most preferably 1 to 6 carbon 
atoms, and may have branching alky! groups of 1 to 6 carbon atoms, and especially 1 to 4 carbon atoms. 

5 [0104] S, T. and U are each integers from 0 to 20, preferably from 1 to 10, and more preferably from 1 to 8. 

[0105] Illustrative examples of the compounds of fomiulas (B1) and (B2) include tris{2-(methoxymethoxy)ethyl} 
amine, tris{2-(methoxyethoxy)ethyl}amine, tris[2-{{2-methoxyethoxy)methoxy}ethyI]amine; tris{2-(2-methoxyethoxy) 
ethyl}amine. tris{2-(1 -methoxyethoxy)ethyl}amine, tris{2-{1 -ethoxyethoxy)ethyl}amine, tris{2-(1 -ethoxypropoxy)ethyl} 
amine, tris[2-{(2-hydroxyethoxy)ethoxy}ethyl]amine, 4,7,13,16,21 .24-hexaoxa-l.10-dia2abicyclo[8.8.8]hexacosane, 

10 4,7.1 3,18-tetraoxa-1,10-dia2abicyclo[8.5.5]eicosane, 1,4,lO,13-tetraoxa-7.16Hdia2abicyclooctadecane, l-aza- 
12-crown-4, l-aza-IS-crown-S, and l-aza-lS-crown-G. Especially preferred basic compounds are tertiary amines, an- 
iline derivatives, pyrrolidine derivatives, pyridine derivatives, quinoiine derivatives, amino acid derivatives, hydroxyl 
group-bearing nitrogenous compounds, hydroxyphenyl group-bearing nitrogenous compounds, alcoholic nitrogenous 
compounds, amide derivatives, imide derivatives, tris{2-(methoxymethoxy)ethyl}amine, tris{2-(2-methoxyethoxy)ethyl) 

IS amine. trisI2-{(2-methoxyelhoxy)methyl)ethyl]amine. and 1 -aza-l 5-crown-5. 

[01 06] The basic compound is preferably formulated in an amount of 0.001 to 1 0 parts, and especially 0.01 to 1 part, 
per part ol the photoacid generator. Less than 0.001 part o1 the basic compound falls to achieve the desired effects 
thereof, while the use of more than 10 parts would result in too low a sensitivity and resojution, 

20 Other components 

[0107] In the resist composition, a compound bearing a =C-COOH group in a molecule may be blended. Exemplary, 
non-iimiting compounds bearing a sC-COOH group include one or more compounds selected from Groups I and II 
below. Including this compound improves the FED stability of the resist and ameliorates edge roughness on nitride ^ 
2S film substrates. 



[0108] Compounds in which some or all of the hydrogen atoms on the phenolic hydroxyl groups of the compounds 
30 of general formulas (A1) to (AlO) below have been replaced with -R^oi-COOH (wherein R*oi is a straight or branched 

alkylene of 1 to 1 0 carbon atoms), and in which the molar ratio C/(C+D) of phenolic hydroxyl groups (C) to sC-COOH . 
groups (D) in the molecule is from 0.1 to 1 .0. 



Group 1: 



35 






Al 



A2 



40 



45 



(OH) 





A3 



A4 



SO 



55 
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(OHWC=\ 
^407 // 



/\5 




A6 



)0 



r5 



V, I, 

AT ■ 



<OH)e 



A8 



20 



AlO 

[0109] In these formulas, FH^^ is hydroqon or methyl; R^^^ gnd R^^^ are each hydrogen or a straight or branched 
alkyi or afkenyl of 1 to B carbon atoms R*^ is hydrogen, a straight or branched alkyi or alkenyl of 1 to 8 carbon atoms, 
or a -(R*o\-COOR' group (R* being hydrogen or -R^OQ-COOH); R^o^ is -(CHgjr (wherein i is 2 to 10). an arylene of 6 
to 10 carbon atoms, carbonyl, sulfonyl an oxygen atom, or a sulfur atom; R*^^ is an aikylene of 1 to 1 0 carbon atoms, 

35 an arylene of 6 to 10 carbon atoms cart>cnyl sulfonyl, an oxygen atom, or a sulfur atom; R*07 is hydrogen, a straight 
or branched alkyi or alkenyl of 1 to 8 carbon atoms, or a hydroxyl-substituted phenyl or naphthyl; R^09 is a straight or 
. branched aikylene of 1 to 10 carbon atoms R*^^ is hydrogen, a straight or branched alkyi or alkenyl of 1 to 8 carbon 
atoms, ora-R4ii-COOH group; R^" is a straight or branched aikylene of 1 to 1 0 carbon atoms; the letter j is an integer 
from 0 to 5; u and h are each 0 or 1 si II. s2. t2 s3. t3, s4. and t4 are each numbers whrch satisfy si +t1 =: 8, s2+t2 = 

40 5, s3+t3 = 4, and s4+t4 = 6, and are such that each phenyl skeleton has at least one hydroxyl group; k: is a number 
such that the compound of fomnula (AS) may have a weight average molecular weight of 1 ,000 to 5,000; and X is a 
number such that the compound ol formula (A7) may have a weight average molecular weight of 1 ,000 to 1 0,000. 

Group 11: 

AS 

[0110] Compounds ot general formulas (All) to {A15) below. 
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A15 

[01 llj In those lormulas, R*^, R***^, and R*^^ are as defined above; R^^^ js hydrogen or hydroxyl; s5 and t5 are 
20 numbers wTiicn saltsly s5 > 0, t5 > 0, and s5+l5 = 5; and h' is equal to 0 or 1 . 

[0112] lllubtiative. non -limiting examples of the compound bearing a ^G-COOH group include compounds of the 
general lormutas AI-1 to AI-14 and AII-1 to Afl-10 below. 




AI-7 Al-8 
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5 




AI-9 AI-10 



IS 



20 




OR- 




AI-12 



2S 




AI-13 




WjCOOR" 



AI-14 



30 [0113] In the above formulas. R" is hydrogen or a CHgCOOH group such that the CHgCOOH group accounts for 10 
to 1 00 mol% of R" in each compound, a and k are as defined above. 



35 



40 



HO 



OH 



COOH 
AIM 



CH2-COOH 



AII-2 



45 



OrO 



AII-3 



CH2 
CH2-COOH 
AIM 



SO 



ss 



.COOH 



CH2CX>OH 



All-S 



AII^ 
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COOH 




AJI.7 



AII.8 



70 



75 



j6 



CH2COOH 




COOH 



AII-9 



AD-IO 



20 



25 



[01 14] The compound bearing a sC-COOH group within the molecule may be used singly or as combinations oT two 
or more thereol. 

[0115] The compound bearing a =C-COOH group within the molecule is added in an amount ranging from 0 to 5 
parts, preferably 0.1 to 5 parts, more preferably 0.1 to 3 parts, further preferably 0.1 to 2 parts, per 100 parts of the 
base resin. More than 5 parts of the compound can reduce the resolution of the resist composition. 
[01 1 6] The resist composition of the invention may additionally include an acetylene alcohol derivative for the purpose 
of enhancing the shelf stability. Preferred acetylene alcohol derivatives are those having the general formula (S1) or 
(S2) below. 



pS04 ^2 

R^— C-C=C'~C~R^ 
I I 

H(OCH2CH2)x-"0 O— (CH2CH20)yH 

S2 

35 [0117] In the formulas, R^oi, R502^ r503^ r504^ ancj rsos are each hydrogen or a straight, branched, or cyclic alkyl of 
1 to 8 carbon atoms; and X and Y are each 0 or a positive number, satisfying 0<X<30, 0<Y<30, and 0 < X+Y < 40. . 
[0118] Preferable examples of the acetylene alcohol derivative include Surfynol 61 , Surfynol 82, Surfynol 104, Surfy- 
nol 104E. Surfynol 104H, Surfynol 104A, Surfynol TG, Surfynol PC, Surfynol 440, Surfynol 465, and Surfynol 485 from 
Air Products and Chemicals Inc., and Surfynol El 004 from Nisshin Chemical Industry K.K. 

40 [01 1 9] The acetylene alcohol derivative is preferably added in an amount of 0.01 to 2% by weight, and more preferably 
0.02 to 1% by weight, per 100% by weight of the resist composition. Less than 0.01% by weight would be ineffective 
for improving coating characteristics and sheif stability, whereas more than 2% by weight would result in a resist having 
a low resolution. 

[0120] The resist composition of the invention may include, as an optional ingredient, a surfactant which is commonly 
used for improving the coating characteristics. Optional ingredients may be added in conventional amounts so long as 
this does not compromise the objects of the invention. 

.[0121] Nonionic surfactants are preferred, examples of which include perfluoroalkylpolyoxyethylene ethanols, fluor- 
inated alkyl esters, perfluoroalkylamtne oxides, perfluoroalkyi EO-addition products, and fluorinaled organosiloxane 
compounds. Useful surfactants are commercially available under the trade names Ftorade FC-430 and FC-431 from 
50 Sumitomo 3M K.K., Surflon S-141 and S-145 from Asahi Glass K.K., Unidine DS-401, DS-403 and DS-451 from Daikin 
Industry K.K., Megaface F-8151 from Dai-Nippon Ink & Chemicals K.K.. and X-70-092 and X-70-093 from Shin-Etsu 
Chemical Co., Ltd. Preferred surfactants are Florade FG-430 from Sumitomo 3M K.K. and X-70-093 from Shin-Etsu 
Chemical Co., Ltd. 

[0122] Pattern formation using the resist composition of the invention may be carried out by a known lithographic 
55 technique. For example, the resist composition is applied onto a substrate such as a silicon wafer by spin coating or 
the like to form a resist film having a thickness of 0.5 to 2.0 [im, which is then pre-baked on a hot plate at 60 to 1 50^C 
for 1 to 10 minutes, and preferably at 80 to ^20°C for 1 to 5 minutes. A patterning mask having the desired pattern is 
then placed over the resist film, and the film exposed through the mask to an electron beam or to high-energy radiation 



0-(CH2CH20)yH 

SI 
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such as deep-UV rays, an excimer laser, or x-rays in a dose of about 1 to 200 mJ/cm^, and preferably about 1 0 to 1 00 
mJ/cnn2, then post-exposure baked (PEB) on a hot plate at 60 to 150**C for 1 to 5 minutes, and preferably at 80 to 
120°C for 1 to 3 minutes. Finally development is carried out using as the developer an aqueous alkali solution, such 
as a 0-1 to 5% (preferably 2 to 3%) aqueous solution of tetramethylammonium hydroxide (TMAH). this being done by 

s a conventional method such as dipping, puddling, or spraying for a period of 0.1 to 3 minutes, and preferably 0.5 to 2 
minutes. These steps result in the formation of the desired pattern on the substrate. Of the various types of high-energy 
radiation that may be used, the resist composition of the invention is best suited to fine pattern formation with, in 
particular. deep-UV rays having a wavelength of 193 to 248 nm. an excimer laser, x-rays, or an electron beam. The 
desired pattern may not be obtainable outside the upper and lower limits of the above range. 

10 [0123] We find that embodiments of resist compositions comprising the polymer of the invention as a base resin lend 
themselves to mtcropatteming with electron beams or deep-UV rays, being sensitive to high-energy radiation and 
having excellent sensitivity, resolution, and etching resistance. Especially because of the minimized absorption at the 
exposure wavelength of an ArF or KrF excimer laser, a finely defined pattern having sidewalls perpendicular to the 
substrate could easily be formed. 

EXAMPLE 

[0124] Examples of the inventbn are given below by way of illustration and not by way of limitation. 
[0125] First described are examples of synthesizing 2-alkylbicyclo[2.2.1]heptan-2-yl ester compounds in exo-form 
20 according to the invention and examples of preparing polymers therefrom. 

Synthetic Exnmple 1-1 

Synthesis of Monomer 1 

25 

[0126] In 600 ml of tetrahydrofuran was dissolved 148.5 g of ethyl bromide. Below 60°C, this reaction mixture was 
added dropwtse to 32.4 g of metallic magnesium over one hour. After agitation was continued for 2 hours at room 
temperature: 150.0 g of tricycio[5.2.1.02'^]decan-8-one was added dropwise-over 45 minutes to the reaction mixture 
which was kept below 65'*C. After agitation was continued for one hour at room temperature, the reaction solution was 
30 worked up in a conventional manner The resulting oily substance wais distilled in vacuum, collecting 157.7 g of 8-ethyl- 
tricyclo[5.2 1.02 6|decan-B-ol in endo-form. The yield was 87.6%. 

[0127] In 600 ml of benzene was dissolved 155.0 g of 8-ethyltricyclo[5.2.1 O^'^jdecan-S-ol in endo-form. To the so- 
lution was added 8.2 g of p-toluenesulfonic acid monohydrate. This reaction mixture was heated, agitated under reflux 
for 6 hours while removing water, and subjected to conventional post-treatment. The resulting oily substance was 
35 purified by silica gel column chromatography, obtaining 105.0 g of 8-ethylidenetricyclo[5.2.1.02.6]decane. The yield 

was 75.3%. 

[0128] In 500 ml of methylene chloride was dissolved 103.0 g of 8-ethylidenetricyclo[5.2.1 .O^-^jdecane. To this so- 
lution was added 202.5 g of 65% m-chioroperbenzoic acid. This reactbn mixture was agitated for 1 2 hours at 4^*0 and 
subjected to conventional post-treatment, obtaining an oily substance. This was used in the subsequent reaction without 
40 purification. 

[0129] The oily substance obtained in the above step was dissolved in 200 ml ot diethyl ether. With stirring, this 
solution was added dropwise to a suspension of 24.2 g of aluminum lithium hydride in 200 ml of diethyl ether under 
ice cooling. The reaction mixture was agitated for a further 2 hours at room temperature and subjected to conventional 
post-treatment. The resulting oily substance was distilled in vacuum, obtaining 102.4 g of B-ethyftricyclo[5.2. 1 .O^-©] 

45 decan-8-ol in exo-form. The yield was 89.5%. 

[0130] In 400 ml of methylene chloride was dissolved 101.0 g of 8-ethyltricyclo[5.2.i.02'6]decan-8-ol in exo-form. 
With stirring. 88.0 g of methacrylic acid chloride and then 170.0 g of triethylamine were added dropwise to the solution 
under ice cooling. The reaction mixture was agitated for a further 12 hours at room temperature and subjected to 
conventional post-treatment. The resulting oily substance was distilled in vacuum, collecting 105.5 g of 8-ethyltricycto 

so [5.2.1 .02'6]decan-8-yl methacrylate in exo-form, designated Monomer 1 . The yield was 75.8%. 

[0131] ^H-NMR (CDCI3, 270 MHz): 50.81 (t. 3H), 0.85-1.05 (2H, m), 1.21 (m, IH), 1.30 (dd, 1H), 1.37 (m, 1H), 1.44 
(m, IH), 1.60-2.10 (m, 11H), 2.22 (m, 1H), 2.39 (m, IH), 5.46 (m, IH), 6.01 (m, IH) 
[0132] FT-IR: 2951, 2864, 1713, 1637, 1448, 1331. 1304, 1182, 1157 cm-i 

55 
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Synthetb Example 1-2 
Synthesis of Monomer 2 

5 [01 33] By following the same procedure as above: B-isopropyltricyclo(5.2. 1 .O^-^jdecan-S-yl methacrylale in exo-fomi. 
designated Monomer 2, was synthesized from tricyclo(5.2. 1 .O^'^Jdecan-S-one. 

[0134] 1H-NMR (CDCI3. 270 MHz): 8 0.97 (d, 3H). 1.06 (d, 3H). 0.85-1.45 (6H. m). 1.60-2.10 (lOH. m). 2.22 (dd, 
1H). 3.02 (m, 1H). 5.45 (m, 1H), 5.99 (m, 1H) 

[0135] FT-IR: 2956, 2864. 1713. 1637. 1450. 1319. 1300. 1182. 1157 cm-i 

JO 

Synthetic Example 1 -3 



Synthesis of Monomer 3 



IS [0136] By following the same procedure as above. 8-methyltricyclo[5.2.1 .02-®]decan-8-yl methacrylate in exo-form, 
designated Monomer 3. was synthesized from tricyclo(5.2.1.02-^)decan-e-one. 

[01 37] 1 H-NMR {CDCI3, 270 MHz): 5 0.85-1 .05 (m. 2H). 1 .21 (m, 1 H), 1 .30 (dd. 1 H), 1 .35 (m. 1 H), 1 .46 (m. 1 H). 1 .56 

(s. 3H). 1.60-2.15 (m. 10H), 2.39 (m. IN). 5.46 (m, 1H), 5.99 (m, 1H) . 

[0138] FT-!R: 2949, 2864, 1711. 1637, 1450. 1331. 1303. 1174, 1151, I054cm-1 

20 

Synthetic Example 1-4 
Synthesis of Monomer 4 



25 [0139] By-following the same procedure as above, 2-elhylbicyclo[2.2.1]heptan-2-yl methacfylate in exo-fonrn, des- 
ignated Monomer 4, was synthesized from bicyclo[2.2.1]heptan-2-one. 

[0140] ^H-NMR {CDCI3, 270 MHz): 5 0.80 (t, 3H). 1.08 (m, 1H), 1.21 (m, 1H), 1.30-1.60 (2H, m), 1.68 (m. 1H). 1.83 
(m, 1H), 1.89 (m. 3H), 2.02 (m, 1H). 2.20-2.35 (m, 2H), 2.59 (m. 1H). 5.46 (m, IH), 6.01 (m, 1H) 
[0141] FT-IR: 2966. 2879, 1713. 1637, 1456, 1327. 1311, 1309. 1167 cm'i 
30 * ' 

Synthetic Example 1-5 

Synthesis of Monomer 5 

35 [0142] By following the same procedure as above, 2-isopropyIbicyclo[2.2.1]heptan-2-yl methacrylate in exo-form, 
designated Monomer 5. was synthesized from bicyclo[2.2.1]heptan-2-one. 

[0143] 1H-NMR (CDCI3. 270 MHz): 50.98 (d. 3H), 1.03 (d. 3H). 0.80-1.70 (8H, m), 1.80-2.00 (m, 4H). 2.22 (m. IH), 
3.19 (m, 1H), 5.45 (m. IH). 5.98 (m. IH) 

[0144] FT-IR: 2964. 2873, 1713, 1637. 1454. 1325. 1300, 1174, 1155 cm'^ 



40 



Synthetic Example 1-6 



Synthesis of Monomer 6 



45 [0145] By following the same procedure as above, 2-ethyIbicyclo(2.2.1 ]heptan-2-yl acrylate in exo-lorm, designated 
Monomer 6, was synthesized from bicyclo[2.2.1]heptan-2-one. 

[0146] iH-NMR (CDCl3.270MHz):5 0.80(t. 3H). 1.06 (m, IH), 1.20 (m, 1H), 1.30-1.60 (m, 4H). 1.68 (m, IH), 1.82 

(dq, IH). 2.01 (m. IH). 2,22 (m. 1H). 2.51 (dq. IH). 2.58 (m, IH). 5.71 (dd. IH). 6.04 (dd. 1H), 6.29 (m, IH) 

[0147] FT-IR: 2968, 2879, 1718, 1635, 1620. 1458, 1402. 1288, 1272, 1227, 1200. 1173, 1133, 1115. 1107. 1047 cm-^ 

so 

Synthetic Examples 1-7 to 1-18 



Synthesis of Monomers 7 to 18 



55 [0148] Monomers 7 to 1 8 were synthesized by the same procedure as above. 
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Monomer 13 Monomer 14 Monomer IS Monomer 16 Monomer 17 Monomer 18 

30 

Synthetic Example 2-1 
Synthesis of Polymer 1 

3S 

[01 49] In 200 ml of tetrahydrofuran, 1 7.4 g of Monomer 1 and 5.5 g of 5-methyl-2-oxooxolan-5-yl methacrylate were 
dissolved, and 1 .3 g of 2,2'-azobisisobutyronitrile added. After agitation was continuedfor 1 5 hours at 60*0, the reaction 
solution was concentrated in vacuum. The residue was dissolved in 80 ml of tetrahydrofuran and added dropwise to 
2 liters of n-hexane. The resulting solids were collected by filtration, washed with 2 liters of n-hexane. and dried in 
40 vacuum at 40*0 for 6 hours, obtaining 1 4.4 g of a polymer, designated Polymer 1 . The yield was 62.7%. 

Synthetic Examples 2-2 to 2-56 

Synthesis of Polymers 2 to 56 

45 

[0150] Polymers 2 to 56 were synthesized as in Synthetic Example 2-1 . 



so 



(Polymer 1) 

(bl=030, d=:0.70, Mw:=11400) 



55 




BNSDOCID: <EP 1004568A2 I > 



32 



EP 1 004 568 A2 



10 



IS 



2S 



30 



3S 



40 



45 



SO 



(Polymer 2) 

(bl=030, d=0.70, Mw»ll,900) 



(Polymer 3) 

(bi=030, d=:0.70, Mwsl 1,000) 



(Polymer 7) 

(bl=030, d=0.70, MwrlLOOO) 



H CH3 H CH^ 

HO-j Ho=j 





H CH3 H CH3 

(Polymer 4) / K 

(bl=030, d=0.70, Mw=10,100} ^^^^^^^^ 



H QH3 H CH3 

(Polymer 5) ' y o 

(bl=OJO,d=0.70,Mw=:10^00) ""J^^^^ aO 



H PH3 H H 



(Polymer fi) ^ , N 

(bl:M>30,d^.70,Mw=9,600) ^'^^^^^q 



H CH3 H H 



=0 



ss 



BMSDCXaO: <EP 1004SB8A2J_> 



33 



EP 1 004 568 A2 



10 



20 



25 



(Polymer 8) 

(bl=030, d=0.70, Mw=il^OO) 



(Polymer 9) 

^5 (bl=030, d=0.70, Mw=l 1,900) 



(Polymer 10) 

(bl:^30, d=0.70, Mw»13,000) 



(Polymer 11) 
(bl=030, d=0.70, Mw=14,500) 



H CHa H3C H 
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(Polymer 12) 
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45 
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(Polymer 14) 

(bl=(l30, d^.70, Mw=11^00) 
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(Polymer 16) 

(bl=030, d=0.70, Mw=:ll,600) 



40 (Polymer 18) 
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H CH3 H Oh3 H CHa 

-(H^„ 4Wy.. 4)-ffa 

Ho=| Ho=J Ho=^ . 



H CH3 

_ H cO,H 

(Polymer 24) 

(al=0^0, bl=020, d=0.60, Mw=:9,000) 




o. 



Ho=j 


H C»j 






0 





50 



55 



BNSDOCID:<EP 100456aA2J_> 



36 

\ 



EP 1 004 568 A2 



H .CH, H CHa H CMj 



10 



IS 



2S 



30 



3S 



40 



SO 



HoJ HoJ Ho=j 



(Polymer 25) 

(al=0:20, bl=0,20, drO.60, Mw:s9^) 6^ O 



(Polvrocr 26) 



0 

H . CHj H CH, H CHj 

-0-14-., 4>-f)-- 

Ho=| H0=| Ho=| 

X) > 

COjH \ p 



(Polvrocr 27) 

^ (al=i)J50, bl^^O. r 10.400) 



0 

H CH3 H CHg H ^CHa 

-0^.. 4)-i^, -B-fh 



o 

H CHa H ^CHa H CH3 

tr^" it^' t^; 



(Polymer 28) 

(al:s0^0,bl=K)^0.d=O.6O.M«r9.4O0i 6^ 6 O 



o 



(Polymer 29} " 
(al=020,cl=OJO, d=0^0. Mv= 10.700) 




45 (Polymer 30) 





H CHa H CHa H CH^ 

tf" tf- 




(al=0:iO,cl=:0J0,d=O^0,M«-11.60O) ^.^/X O 




(Polymer 31) 

55 (al=O^O.cl=030,d=0^0,Mw= 12.000) ^^v-^ O^/X 6, 




37 

B^rSOCXJID: <EP 1004S6aA2J_> 

1... 



EP 1 004 568 A2 




10 

(Polymer 33) 

(al=0^0,cl=030, d=s030, Mw=11^00) 



75 




20 



(Polymer 34) 

(al=:0^0,bl=0:iO, d=0.40, dl=0.20, Mw=^19,400) 




so 



ss 



BNSOOCID: <EP 1004S68A2J_> 



38 



10 



IS 



20 



25 



30 



40 



45 



SO 



ss 



EP 1 004 568 A2 



(Polymer 36) 

(al=0^,bl=OJ10, d=0.40, dl:=0:tO, Mw=19,7003 



-(H4-.. -(^-a. -fWfd -0 — 

»1Q ^ 



CO,H 



H CHa H H 

(Polyiiier37) H<H 
(d=4).40, d2:=030, e=030, Mw=4»700) ' 




fPolvmcf38) Hi 
<d=d.40, d2=030, e=030, Mw=:4,800) 6 




T7 TTd 

35 (Polynier39) hoH 

(d=0.40, d2=0^, c=030, Mw=4^) o 



{Polymer 40) H, 
(d=0.40, d2=030, e=030, Mw=4»400) 




(12 



V 



H CH3 H H 

no-j 



/ 

V 



H CHa H 




O 



H CHa H H 




O 



Hi 

(Polymer 41) ' 
(d=035, h=0.65, Mw=13400) 




BNSDOCID: <EP 100456BA2_L> 



39 



EP 1 004 568 A2 




EP 1 004 568 A2 



(Polymer 48) 

(d=0.40, h=0.40, 1=0^0, Mw=l2^00) 
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Example I 

[0151] Resist compositions were fomiulated using Polymers 1 to 40 obtained in the above Synthetic Examples and 
examined for resolution. 
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Examples 1-1 to 1-80: Evaluation of resist resolution 

[01 52] Resist compositions were prepared by using Polymers 1 to 40 or Polymers 57 to 64 shown below as the base 
resin, and dissolving the polymer, a photoacid generator (designated as PAG 1 to 8), a dissolution inhibitor (designated 
as DRR 1 lo 4), a basic compound, and a compound having a ^C-COOH group in the molecule (ACC 1 ) in a solvent 
containing 0.05% by weight of surfactant Florade FC-430 (Sumitomo 3M) in the combination shown in the following 
Tables. These compositions were each filtered through a 0.2-pm Teflon filter, thereby giving resist solutions. 



ss 
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CH3 {CH2)2 CH3 

C-O-CHOCHyCHa 
O CH3 



20 
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30 ' ryN (ACCl) 



[01 53] The solvents and basic compounds used are as follows. 



3S 



PGMEA: propylene glycol methyl ether acetate 
PG/EL: a mixture of 70% PGMEA and 30% ethyl lactate 
TBA: tributylamine 
TEA: triethanolamine 
40 TMMEA: trismethoxymethoxyethylamine 

TMEMEA: trismethoxyethoxymethoxyethylamine 

[0154] These resist solutions were spin-coated onto silicon wafers, then baked at 110^*0 for 90 seconds on a hot 
plate to give resist films having.a thickness of 0.5 pm. The resist films were exposed using an ArF excimer laser stepper 
45 (Nikon Corporation; NA 0.55), then baked (PEB) at llO^'C tor 90 seconds, and developed with a solution of 2.38% 
tetramethylammonium hydroxide in water, thereby giving positive patterns. 

The resulting resist patterns were evaluated as described below. 

50 [0155] First, the sensitivity (Elh, mJ/cm^) was determined. Next, the optimal dose (sensitivity Eop, mJ/cm^) was 
defined as the dose which provides a 1:1 resolution at the top and bottom of a 0.25 pm line-and-space pattern, and 
the resolution of the resist under evaluation was defined as the minimum line width (pm) of the lines and spaces that 
separated at this dose. The shape of the resolved resist pattern was examined under a scanning electron microscope. 
[0156] The composition and test results of the resist materials are shown in Tables 1 to 5. 
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Comparative Example I 

[0157] Polymers 65 to 72 shown by the chemical formulae below were formulated into resist compositbns. which 
were examined for resolution. 

5 

Comparative Examples 1-1 to 1-8: Evaluation of resist resolution 

[0158] Resist compositions were similarly prepared using Polymers 65 to 72 and tested as in Example I. 
[0159] The composition and test results of the resist nfiaterials are shown in Table 6. 
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[0160] It is seen from Tables 1 to 6 that the exo-form 2-alkyIbicyclo[2.2.1]heptan-2-yl ester sites within the scope of 
the invention are highly reactive as connpared with endo-form isomers and prior art acid-decomposing sites and enabled 
resist materials having a higher sensitivity and resolution than prior art resist nraterials. 

5 Example II 

[0161] Polymers 1 to 40 obtained in the above Synthetic Examples were examined for etching resistance. 
Examples Il-l to 11-40: Evaluation of polymers' etching resistance 

10 

[0162] Each of Polymers 1 to 40 obtained in Synthetic Examples and a comparative polymer (polymethyl methacr- 
ylate, molecular weight 10,000) was dissolved in cyclohexanone, and spin coated onto a silicon wafer to a thickness 
of 1 .0 |im. The coating was baked on a hot plate at 1 1 0*C for 90 seconds. These coatings were etched with a chlorine- 
base gas or a fluorine-base gas while the etching rate (A/min) was measured. 
IS [0163] The results are shown in Tables 7 and 8 while the settings of the instrument are shown in Table 9. 

Table 7 



Example Example 


Resin Resin 


Solvent Solvent 


Chlorine etching 


Fluorine etching 


11-1 


Polymer 1 (80) 


cyclohexanone (480) 


1560 


1680 


11-2 


Polymer2 (80) 


cyclohexanone (480) 


1540 


1660 


11-3 


Polymer 3 (80) 


cyclohexanone (480) 


1600 


1700 


11-4 


Polymer 4 (80) 


cyclohexanone (480) 


1660 


1740 


li-5 


Polymer 5 (80) 


cyclohexanone (480) 


1640 


1720 


11-6 


Polymer 6 (80) 


cyclohexanone (460) 


1700 


1760 


11-7 


Polymer 7 (80) 


cyclohexanone (480) 


1600 


1700 


11-8 


Polymer 8 (80) 


cyclohexanone (480) 


1560 


1680 


II-9 


Polymer 9 (80) 


cyclohexanone (480) 


1540 


1660 


IMO 


Polymer 10 (80) 


cyclohexanone (480) 


1800 


1840 


11-11 


Polymer 11 (80) 


cyclohexanone (480) 


1720 


1780 


11-12 


Polymer 12(80) 


cyclohexanone (480) 


1780 


1820 


11-13 


Polymer 13(80) 


cyclohexanone (480) 


1640 


1720 


11-14 


Polymer 14(80) 


cyclohexanone (480) 


1580 


1700 


11-15 


Polymer 15 (80) 


cyclohexanone (480) 


1580 


1700 


11-16 


Polymer 16 (80) 


cyclohexanone (480) 


1760 


1800 


11-17 


Polymer 17(80) 


cyclohexanone (480) 


1760 


1800 


11-18 


Polymer 18(80) 


cyclohexanone (480) 


1520 


1640 


11-19 


Polymer 19(80) 


cyclohexanone (480) 


1640 


1720 


11-20 


Polymer 20 (80) 


cyclohexanone (480) 


1620 


1720 


11-21 


Polymer 21 (80) 


cyclohexanone (480) 


1620 


1720 


11-22 


Polymer 22 (80) 


cyclohexanone (480) 


1680 


1760 


11-23 


Polymer 23 (80) 


cyclohexanone (480) 


1620 


1720 


11-24 


Polymer 24 (80) 


cyclohexanone (480) 


1760 


18O0 


11-25 


Polymer 25 (80) 


cyclohexanone (460) 


1820 


1840 


11-26 


Polymer 26 (80) 


cyclohexanone (480) 


1780 


1820 


11-27 


Polymer 27 (80) 


cyclohexanone (480) 


1760 


1800 
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Table 7 (continued) 



Example Example 


Resin Resin 


Solvent Solvent 


Chlorine etching 


Fluorine etching 


11-28 


Polymer 28 (80) 


cyclohexanone (460) 


1800 


1820 


11-29 


Polymer 29 (80) 


cyclohexanone (480) 


1460 


1600 


11-30 


Polymer 30 (80) 


cyclohexanone (480) 


1520 


1640 



70 



IS 



20 



2S 



30 



3S 



40 



45 



SO 



ss 



Table 6 



Example 


Resin 


Solvent 


Chlorine etching 


Fluorine etching 


11-31 


Polymer 31 (80) 


cyclohexanone (480) 


1500 


1640 


11-32 


Polymer 32 (80) 


cyclohexanone (480) 


1500 


1620 


il-33 


Polymer 33 (80) 


cyclohexanone (480) 


1500 


1620 


11-34 


Polymer 34 (80) 


cyclohexanone (480) 


1780 


1820 


11-35 


Polymer 35 (80) 


cyclohexanone (480) 


1800 


1840 


11-36 


Polymer 36 (80) 


cyclohexanone (480) 


1620 


1840 


11-37 


Polymer 37 (80) 


cyclohexanone (480) 


1660 


1680 


11-38 


Polymer 38 (80) 


cyclohexanone (480) 


1660 


1680 


11-39 


Polymer 39 (80) 


cyclohexanone (480) 


1700 


1720 


11-40 


Polymer 40 (80) 


cyclohexanone (480) 


1680 


1700 


Comparative Example 


polymethyl methacryiate 
(80) 


cyclohexanone (480) 


2500 


2250 



Table 9: 



Settings of the instrument 




Chlorine etching 


Fluorine etching 


Manufacturer 


Nichiden Anerba K.K. 


Tokyo Electron K.K. 


Model 


L451D 


TE8500 


Gas/flow rate 


CI2/20 seem 


CHF3/7 seem 


O2/2 seem 


CF4/45 seem 


CHFs/ISsccm 


O2/20 seem 


BCI3/IOO seem 


Ar/90 seem 


RF power 


300 W 


600 W 


Pressure 


2 Pa 


60 Pa 


Temperature 


23'*C 


-20*C 


Time 


360 sec 


60 sec 



[01 64] It is seen from Tables 7 and 8 that the polymers within the scope of the invention are highly resistant to etching. 
Example III 

[01 65] Resist compositions were f omiulated using Polymers 41 to 55 obtained in the above Synthetic Examples and 
examined for resolution. 
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Examples II 1-1 to 111-40: Evaluation of resist resolution 

[0166] Resist compositions were prepared by using Polymers 41 to 56 or Polymers 73 to 76 shown below as the 
base resin, and dissolving the polymer, a photoacid generator (designated as PAG 1 to 8), a dissolution inhibitor (des- 
ignated as DRR 1 to 4), a basic compound, and a compound having a =C-COOH group in the molecule (ACC 1 and 
2) in a solvent containing 0.05% by weight of surfactant Florade FC-430 (Sumitomo 3M) in the combination shown in 
the following Tables. These compositions were each tittered through a 0.2-^m Teflon filter, thereby giving resist solu- 
tions. 



10 



IS 



(Polymer 73) 

(g'M)35, h*=K».65, Mwrr9,600) 



4>- 



?H3 



H ^0 
Q 



H H 



OH 



20 



2S 



(Polymer 74) " /"^ 

(g=:0.40. h*=0.40, i'=OaO, Mw=9,400) \_ 





30 



(Polymer 75) 

(f =0.05, h==0^5, j'=0-40, Mw=U,4D0) 



H CH3 H H H H 

-e-a- -e-i4f 



3S 



40 



(Polymer 76) 

(li*=0.6S,j'I=0.1S,j7=OJiO,Mw=n,200) 




OH 





4S 



50 




.C0?H 



(ACC 1) 



H0-Y^^9--^C1^0H (ACC 2) 
C02H 



[0167] These resist solutions were spin-coated onto silicon wafers, then baked at 100^*0 for 90 seconds on a hot 
plate to give resist films having a thickness of 0.7 pm. The resist films were exposed using an KrF excimer laser stepper 
(Nikon Corporation; NA 0.5), then baked (FEB) at 110'*C for 90 seconds, and developed with a solution of 2.38% 
ss tetramethyiammonium hydroxide in water, thereby giving positive patterns. 
[0168] The resulting resist patterns were evaluated as described below. 

[0169] First, the sensitivity (Eth, mJ/cm^) was determined. Next, the optimal dose (sensitivity Eop. mJ/cm^) was 
defined as the dose which provides a 1:1 resolution at the top and bottom of a 0.30 pm line-and-space pattern, and 
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• the resolution of the resist under evaluatbn was defined as the minimum line width (^m) of the lines and spaces that 
separated at this dose. The shape of the resolved resist pattern was examined under a scanning electron microscope. 
[0170] The composition and lest results of the resist materials are shown in Tables 10 and 11. 
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5 



10 



IS 



2S 



O 



40 



45 



Shape 


rectangular j 


rectangular | 


rectangular 1 


rectangular | 


rectangular | 


rectangular 


rectangular | 


rectangular 


rectangular 


rectangular 


rectangular 


rectangular 


rectangular 


rectangular 


rectangular 


rectangular 


rectangular 


rectangular ] 


rectangular 


rectangular 


rectangular 


rectangular 


rectangular 


rectangular 


rectangular 


Resolution 


0.22 


0.22 


0.22 


CM 
CM 

d 


0.22 


0.24 


0.22 


0.24 


0.22 


0.22 


0.24 


0.24 


0.24 


0.22 


0.24 


0.22 


0.22 


0.22 


0.22 


0.22 


0.22 


0.22 


0.22 


CM 
CVJ 

d 


0.22 




















































Sensitivity 


p 


CVi 

cvi 


d 


d 


CD 

d 




CO 

d 


d 


o 
cvi 


cvi 


in 
cvi 


Cvi 


00 

d 


CD 

d 


d 


tn 
d 


in 




CO 


p 


m 
d 


d 


CO 

1^ 


in 

CO 


CD 




















































Solvent 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PGMEA (600) 


PG/EL (600) 


PG/EL (600) 


PG/EL (600) 


PG/EL (600) 


PG/EL (600) 


PG/EL (600) 


PG/EL (600) 


PG/EL (600) 


PGMEA (600) 


ipound 


CVJ 


CVJ 


IT) 
CVI 


in 

CM 


m 

CM 


in 

CM 


m 

CM 


m 

CVI 


m 

CM 


in 

CM 


in 

CM 


m 

CVJ 


in 

CVJ 


m 

CM 


m 

CM 


in 

CVI 


in 

CVI 


m 

CM 


in 

CM 


in 

CM 


in 

CM 


m 

CM 


in 
Cm 


CVI 
CO 


in 

CM 


Basic com 


TBA (0. 


TBA (0, 


TBA (0. 


TBA (0. 


TBA (0. 


TBA (0. 


TBA (0. 


TBA (0. 


TBA (0. 


TBA (0. 


TBA (0. 


TBA (0. 


TBA (0. 


TBA (0. 


TBA (0. 


TBA (0. 


TEA(0.- 


TEA(0.- 


TEA(0.- 


TEA(0.- 


TEA(0.- 


TEA(0.- 


TEA(0.- 


TEA(0.- 


•. TBA(0.- 


Dissolution Inhibitor 




















































Bnerator 


CVJ 


CVJ 


CM 


CM 


CM 


CVI 


CVJ 


CM 


CM 


CVJ 


CVJ 


CM 


CM 


CM 


CM 


CM 


CVI 


CVJ 


CVJ 


CM 


CM 


CM 


CM 


CVJ 


CM 


Moacid gi 


PAG 1 


PAG 1 


PAG 1 


PAG 1 


PAG 1 


PAG 1 


PAG 1 


PAG 1 


PAG 1 


PAG 1 


PAG 1 


PAG 1 


PAG 1 


PAG 1 


PAG 1 


PAG 1 


PAG 1 


PAG 2 


PAG 3 


PAG 4 


PAG 5 


PAG 6 


PAG 7 


PAG 8 


PAG 2 


Phc 




















































c 


o 

CD 


o 

CO 


o 

00 


o 

00 


o 

00 


o 

CO 


o 

00 


o 

00 


o 
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o 

00 


o 

00 


o 

00 


o 

CO 


o 

00 


o 

CO 


o 

00 


o 

00 


o 

CO 


o 

CO 


o 

00 


o 

00 


o 

00 


o 

00 


(08) 


o 

CO 


resi 




CVI 


CO 
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00 


CJ> 


o 
in 


LO 


CVJ 

in 


CO 

in 


\r 
in 


in 
in 


CD 

m 


1^ 








1^ 








CO 


Base 


Polymer 


Polymer 


Polymer 


Polymer 


Polymer 


Polymer 


Polymer 


Polymer 


Polymer 


Polymer 


Polymer 


Polymer 


Polymer 


polymer 


Polymer 


Polymer 


Polymer 


Polymer 


Polymer 


Polymer 


Polymer 


Polymer 


Polymer 


Polymer 


Polymer 


ample 




11-2 


CO 


11-4 


11-5 


11-6 


11-7 


11-8 


11-9 


o 




CM 


CO 




m 


CD 




00 


Oi 


o 

CVI 


1-21 


1-22 


1-23 


1-24 


in 

CVJ 


Exi 
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Comparative Example II- 

[0171] Polymers 73 to 76 shown by the chemical fomnulae above were fomiulated into resist compositions, which 
were examined for resolution. 
5 [0172] Comparative Examples 11-1 to I (-4: Evaluation of resist resolution 

[0173] Resist compositions were similarly prepared using Polymers 73 to 76 and tested as in Example III. 
[0174] The composition and test results of the resist materials are shown in Table 12. 
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[0175] It is seen from Tables 10 to 1 2 that the exo-form 2-alkylbicyclo[2.2.1]heptan-2-yl ester sites within the scope 
of the invention are highty reactive as compared with prior art acid-decomposing sites and enabled resist materials 
having a higher sensitivity and resolution than prior aft resist nnaterlals. 

[0176] Japanese Patent Application Nos. 10-312533 and 11-075355 are incorporated herein by reference. 
5 [01 77] Although some preferred embodiments have been described, many modifications and variations may be made 
thereto in light of the above teachings. It is therefore to be understood that the invention may be practised othenwise 
than as described in the examples. 



10 Claims 



1 . An ester compound of the following general formula (1 ): 



15 R2 R' 



20 



25 




(1) 



■ 

wherein is hydrogen, methyl or CHgCOgR^^; is hydrogen, methyl or COgR^"*; R^ is a straight, branched or 
cyclic alkyl group of 1 to 8 carbon atoms or a substituted or unsubstituted aryl group of 6 to 20 carbon atoms; 
30 to R"'3 each are hydrogen or a monovalent hydrocarbon group of 1 to 1 5 carbon atoms which may contain a hetero 

atom and R^ to R''^, taken together, may form a ring, and when they form a ring, they represent divalent hydrocarbon 
groups of 1 to 1 5 carbon atoms which may contain a hetero atom, or two of to R^^ which are attached to adjacent 
carbon atoms may directly bond together to form a double bond; and R^^* is a straight, branched or cyclic alkyl of 
1 to 15 carbon atoms, with the proviso that the formula also represents an enantiomer. 

35 

2. A polymer comprising units of an ester compound of the following general formula (la): 




wherein R^ to R'^ are as defined above, with the proviso that the formula also represents an enantiomer, 
said polymer having a weight average molecular weight of 1 ,000 to 500,000. 

ss 3. The polymer of claim 2 comprising recurring units of at least one of the following formulae (2a) to (1 3a): 
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10 



I I 

-CH C- 



R2 R 

I I 

-CH- 



(2a) 



C02R=» 
(3a) 



r2 r' 

I I 

-CH C- 



COjR^ 
(4a) 



I t 

-CH C 

I . 

COjR^ 
(5a) 



IS 



20 



2S 



H H 

I I 

r-C C 

/ \ 

I — \ 7 1 

CH CH 

/ \ 



\ 



I — - ' / — I 

CM— CM 



-V- 



CH. 



R'^ R" 

(6a) 



Jk 
r2* 



/ \ 

. \ ^"^ / ■ 
CH CH 

/ \ 



/ \ 

I — \ -^-T — I 

CH CH 



(7a) 



/ \ 



HQ- 



CH 



-R' 



H CO2R" 
(8a) 



H CO2R" 

(9a) 



30 



3S 



40 



H H 

w 



/ \ 



o 



(10a) 




_GH2 C 



(12a) 




<or2^. 



(13a) 



45 



SO 



SS 



wherein and are as defined above; R^^ is hydrogen or a monovalent hydrocarbon group of 1 to 15 carbon 
atoms containing a cart)oxyl or hydroxy I group; at least one of R'® to Ri9 represents a moriovalent hydrocarbon 
group of 1 to1 5 carbon atoms containing a carboxyl or hydroxy! group, and the remaining of R''^ to R^^ independ- 
ently represent hydrogen or a straight branched or cyclic alkyi group of 1 to 15 carbon atoms, or R^^ to R''^ taken 
together, may fomn a ring with the proviso that at least one of R'l^to R^s represents a divalent hydrocarbon group 
of 1 to 15 carbon atoms containing a caiboxyl or hydroxyl group, and the remaining of R^^ to R''^ Independently 
represent a straight, branched or cyclic alkylene group of 1 to 15 carbon atoms; R20 is a monovalent hydrocarbon 
group of 3 to 15 carbon atoms containing a -CO2- partial structure; at least one of R^i to R^^ represents a mono- 
valent hydrocarbon group of 2 to 15 carbon atoms containing a -CO2- partial structure, and the remaining of R^^ 
to R24 independently represent hydrogen or a straight, branched or cyclic alkyI group of 1 to 15 carbon atoms, or 
R21 to R24, taken together, may form a ring with the proviso that at least one of R2i to R24 represents a divalent 
hydrocarbon group of 1 to 1 5 carbon atoms containing a -COg- partial structure, and the remaining of R2i to R24 
independently represent a straight, branched or cyclic alkylene group of 1 to 15 carbon atoms; R^s is a polycyclic 
hydrocarbon group of 7 to 15 carbon atoms or an alkyI group containing a polycyclic hydrocarbon group; is 
an acid labile group; R27 is hydrogen or methyl; R28 is a straight, branched or cyclic alkyI group of 1 to 8 carbon 
atoms; k is equal to 0 or 1 , and x, y and z are integers of 0 to 3, satisfying x+y+z < 5 and 1 ^ y+z. 
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4. A method for preparing a polymer comprising effecting radical polymerization, anionic polymerization or coordina- 
tion polymerization between an ester compound of formula (1 ) and another compound having a carbon-to-carbon 
double bond. 

5. A resist composition comprising the polymer of claim 2 or 3. 

6. A resist composition comprising the polymer of claim 2 or 3, a photoacid generator, and an organic solvent. 

7. A nrK}ihod for fomning a pattern, comprising the steps of: 

apolying the resist composition of claim 5 or 6 onto a substrate to form a coating, 

heat treating the coating and exposing the coating to high energy radiation or electron radiation through a 
phDio-mask, 

optionally heat treating the exposed coating, and developing the coating with a developer. 
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